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T the READER. 


HE Bookſellers having been in- 
formed, ſince the Publication of 
this Abridgment, that the late Mr. Cham- 
bers, Author of the Cyclopædia, or Univer- 
ſal Dictionary of Arts and Sciences, had 
made ſome Progreſs in the ſame Deſign, 
were deſirous to make uſe of the Papers 
left by an Author ſo well eſteemed by the 
Publick. In the Courſe therefore of this 
Work, ſuch Papers of Mr. Chambers will 
be inſerted, as come within the preſent 
Deſign. But as Iam unwilling to aſſume 
to myſelf the Labours or Merit of another, 
Care will be taken to diſtinguiſh each Pa- 
per, which was written by Mr. Chambers: 
which I believe will be acceptable tothe 
Reader; as he will be able by this means 
to know, which Parts were compoſed by 
that ingenious Author, and which by 
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THE 


PREFAC 


H E knowledge of nature, 
affords ſo great a delight to 
the mind of man, and is of ſo 
much importance to the well being 
of ſociety; that there is hardly any 
conſiderable ſtate in Europe, where 
it has not been thought neceſſary to 
aſſemble a body of learned men, 
whoſe chief Bros: n it ſhould be 
to improve natural hiſtory and phi- 
oſophy. The Rovar SocrEr Y of 
| London was founded for this pur- 
poſe, about fourſcore years ago, by 
King Charles the Second : and what 
improvements have been made by 
that learned body, not only wi 
relation to ſpeculative knowledge, 
but even to the common uſes of lite, 
may be ſeen in thoſe excellent pa- 
pers, publiſhed from time to time 
„ 5 under 
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iv PREFACE. 
under the title of Ph:loſo phical . 
Tranſactions. Soon after the foun- 
dation of the Royal Society, the late 
King of France, who was unwilling 
to omit any thing which might con- 
tribute to his glory, aſſembled * 
conſiderable number of the moſt 


able men in his fie nul to whom 


he gave the title of the Royar, Aca- 
DEMY OF SCIENCES 3 and engaged 
them in the purſuit of natural and 


mathematical knowledge. But this 
learned aſſembly was not eſtabliſh- 


ed, as a regular ſociety, till that 
monarch, in the beginning of the 


year 1 699, thought fit to give them 


a new eſtabliſhment, and to regu- 


late their conduct by a body of laws 


framed for that purpoſe. 

From the time of this new eſta- 
bliſhment of the Royal Academy of 
Sciences, a volume of their diſco- 
veries and obſervations has been pub- 
liſhed every year, under the title of 


AH. * of the Royal Academy of 


Sciences, 


e ee 


PREFACE is 
Sciences, by their . perpetual ſeere- 
tary, the celebrated M. Fonten elle. 
This Hi/ftory conſiſts of two parts: 
the firſt is what is particularly called 
the H. ory. In this part, M. Fonte. 
nelle gives a ſhort account of every 
remarkable tranſaction, either in 
writing or by word of mouth, that 
has paſſed in the academy. The 
other part contains the Memoi 7s, or 
pieces that have been read in the 
academy, ſuch as have been judged 
to be 05 the greateſt importance, and 
the moſt worthy of being communi- 
cated to the publick at full length. 
Ihe papers contained in this cu- 
rious Hiſtory are ranged under ſeve- 
ral heads: the firſt of which com- 
prehends thoſe which relate to natu- 
ral philoſophy in general. Under 
this head the reader will find many 
remarkable accounts of the nature 
- and properties of the air, obſerva- 
tions on the 7hermomerer, barometer, 
&c. diſcourſes on the cauſes and ef- 
fects of winds, on the flux and reflux 


of 


vi Ne 
of the ſea, relations of the effects of 
thunder, lightning, &c. conſidera- 
tions on the aurora borealis, and 
other remarkable appearances in the 
heavens; curious diſcoveries of the 
various and ſurpriſing properties of 
the load ſtone; inquiries into the na- 
ture of the magnetical needle ; and 
many other entertaining as well as 
inſtructing particulars, which we ſhall 
not heredetain him withenumerating. 
Io theſe papers on natural phile- 
fſopby in general, we have added many 
others, which we thought would be 
eſteemed to be moſt uſeful and en- 


. tertaining to the generality of readers. 
| | Theſe contain the natural hiſtory 
4 and anatomy of animals, many uſe- 
; ful diſcoveries relating to geography 
1 and navigation, a great variety of 


optical, dioptrical, and mechanical 
diſcoveries and obſervations, with 
many other mathematical papers, 
which relate to common uſes of life, 
over thoſe, which are merely 
ſpeculative, or of leſs general ule. 


PREFACE. vi 

The Abridgment of the 2 
cal Tranſactions has been ſo well re- 
ceived by the publick, that we flat⸗ 
ter ourſelves the preſent work, which 
is ſo nearly allied to it, will meet 
with a no leſs favourable reception. 
It is an Abridgment of all the Me- 
moirs of the Royal Academy of 
Sciences, which relate to natural 
philoſophy in general, to the natural. 
hiſtory of animals, and to the practi- 
cal parts of the mathematicks ; to 
which we have prefixed ſuch accounts 
in M. Fontenelle's Hiftory, as are 
not to be found in the. Memoirs 
themſelves. 8 
24s for thoſe accounts in the Hi 

foory, which are found more at large 
in the Memoirs, we have thought 
proper wholly to omit them; be- 
cauſe they are generally no more 
than a hiſtorical account of what is 
contained in the Memoirs themſelves. 
And as we have contracted each of 
thoſe Memoirs, into as narrow a 
compaſs as we could, without injuas 
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ing their ſenſe, we thought it would 
de unneceſſary to add the hiſtorical 


account of them too, which would 
{well the bulk of theſe volumes too 
much; it being our deſign to lay 
— the reader the philoſophical 


diſcoveries and obſervations of the 


Royal Academy of Sciences, with re- 
lation to the particulars above- men- 
tioned, in as conciſe a manner as we 
could, without diminiſhing any part } 
which really conduces to that end. 

If the preſent undertaking meets 
with the ſucceſs which we hope for, 'it 
will be an encouragement to us to 
proceed in abridging the other papers, 
which, tho' they are of leſs general 
uſe than theſe now publiſhed, will, 
however, be of the greateſt ſervice to 
ſuch as are engaged in thoſe e 13 
cular ſtudies. 
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ln the HISTORY. 


ka ober bur of the abfervations. 1 wade in 
different places on the N the 

winds, and quantity of rain. os 

II. Obſervations on the ſi ingularities f 2 nalural 
hiſtory of France. . 

III. Of infets. © Th, 

IV. On the Feathers of Wird L 

V. Of be tigers in China. 

VI. The poſction of ſome Howns in Turkey, China, 

and Armenia | 
VII. The effetts of burning glaſſes three or four 
feet in diameter. 

VIII. On a machine made to prove the proportion 
of the fall of bodies. 


In the MEM OIRS. 


I. Reflections on light and colourt, and on the ge- 
neration of fire, by Father Mallebranche. 

II. Adeſcription of à new ſort of flood. gate uſed 
in the undertaking of the new navigation of 
the Seine, by M. Des Billettes. ; 

Vor. Jö III. 


) 


© A T. AB L E ec. 

III. An explanation of ſome angular effects, which 
happen to plain glaſſes, ſuch as looking-glaſſes, 

y M. de la Hire, at the ob ſervatory. : 

IV. A commodious way of ſubſtituting the action of 
fire, inſtead of the forte of men and horſes, to 
move machines, by M. Amontons. 

V. A deſcription of a level, which is uſed by 
M. Couplet, more exact in this ſecond edition. 

VI. A method to centre teleſtope glaſſes in working 

them, by M. de la Hire at the obſervatory. 

VII. Obſervations on the inſets called adder-bollts, 
by M. Homberg. 

VIII. An inquiry into the ſtrength of man to move 
burdens, either by lifting, carrying, or draw- 
ing, conſidered abſolutely and with compariſon 
to that of animals which carry and draw, as 

Dior ſes, by M. de la Hire at the obſervatory. 

IX. wo ſorts of wheels to draw water, YM. Des 
Zillettes. 

X. Of the reſiſtance cauſed in machines, both by 

the frictions of the parts of which they are 
compoſed, and by the ſtiffneſs of the cords em- 
| Ployed in them; and the manner of Gs. 
both of them, by M. Amontons. 

. 4 Ueſeription of the heart of the tortoiſe, 

nnd of ſore other animals, by M. du . 


„„ 
4 177 F 5 


1 , f 1 * 
i 6 


AN 


AN 
AB R IDGM E N * 
OF THE 
Philolophicl Diſcoveries 
OBSERVATIONS 


HISTORY of the Nori AcAbrMv of 
- SCIENCES at Paris for the Year 109. * 


X Contr of the cee + in 
different places, on the barometer, 7he 201 nds, 
and quantity of rain. 


MARALDI heving ſeen the * | 

ſervations made by Dr. Derham on 
0 the barometer and on the winds at 

Upminſter, in England, during the 
years 1697 and 1698, compared them with 
thoſe which were made at the obſervatory during 
the ſame years; and this is the reſult of the com- 
pariſon. 

Tho? the winds which reign at Paris, and at 
Upminſter, are commonly different, yet there are 
many days in the different ſeaſons of the year, in 
which the winds have been the ſame in both theſe 
places. When the wind has been the ſame in 
B 2 Ts f 


12 The HISTORY and MEMoiRs of” the 


both, it has uſually been violent, and of ſome 


continuance ; tho? even theſe have fometimes 
varied, 


There is found alſo ſome | odforility; in ths 


conſtitution of the air, and it hath often happened 
to rain, or ſnow, or to be fair weather in both 
theſe places on the ſame days. 


There is a great agreement between the varia- 


tion of the height of the barometer obſerved at 
Paris and at Upminſter. We generally find it to 
riſe or fall at Paris, when it riſes or falls at Up- 
minſter; tho theſe variations are not always 
equal. In each month the days on which the 


quickſilver has been higheſt or loweſt, have been 


the ſame both at Paris and Upminſter ; but com- 


monly when it has been loweſt, it has been 3 0 
| 4 lines lower at Paris than at Upminſter, the 


Engliſh meaſure being reduced to that of Paris. 
It appears by the obſervations : 
1. That the quickſilver riſes ſometimes, when 


the wind is N. N. E. or N. W. and that it falls 
with a S. S. E. and S. W. wind. It has how- 


ever riſen and fallen at the ſame time in both 


theſe places, tho? the winds have often been dif- 
ferent, and ſometimes even oppoſite.. | 


2. In thefe two laſt years, when the quick - 
ſilver was at the loweſt in both places, there fell 


ſome ſnow ; it ſometimes alſo ſnowed, tho? the 

quickſilver did not fall more than uſual. 5 
3. When the quickſilver roſe, it was often fair 
weather, and it fell when it was rainy weather; 
it was often fair weather alſo when the quickfilver 
was low, and cloudy when it was high. 


4. When the quickſilver fell at the ſame time 
in both places, and it rained in one and was 
fair in the other, the quickſilver often fell in pro- 


portion where 4t rained, In like manner when 
& e 


4 
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it roſe in both places, it roſe higher i in Proportion 
where it was far. 

Laſtly, it appears, that the quickſilver roſe 
in one when it fell in the other, and that it fell in 
like manner, whether the wind and weather were 
the ſame in both places, or different. 

M. de Vauban having ſent the academy a memoir 
on the quantity of rain that fell in the citadel of 
Lille for 10 years, from 1685 to 1694, M. de la 
Hire has compared the 6 laſt years of the obſer- 
vation at Lille with the ſame years, which he has 
| ee very exactly at Paris. 


| Years. : At Lille. BOY At Paris. 
| ; © Lines. f 0 Lines. 
1689 e 1 0 
69057 24 d 0g a; 
ON EET 2 
ee 2g 7 44+ 6 m8 >| 
"(099% 30 3 7 
1694 7700 
6 Years 133 G. 8 121 50 98 | 


By the compariſon of theſe 6 years we fee in 

pending that it rains rather more at Lille than at 
Paris; and that the mean year at Lille will be 
22 inches, 3 lines, and at Paris 20 inches, 3 
lines +. 

But M. 47 1a Hire has FE in 2696; 19 in- 
ches, 7 lines 4; in 1696, 19 inches, 5 lines 2 25 
in 1697, 20 inches, 3 lines; in 1698, 21 in- 
ches, 9 lines; and taking a mean year for theſe 


10, we find 20 inches, 3 lines + for each of the 


6 firſt; whereas at Lille the 6 laſt give for a 


mean 


— 


- L % 
. - 
; 1 
& 4 * * 
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14 The HisToRY and Memoirs of the 3 
mean 22 inches, 3 lines, and the 10 together 
give 23 inches, 3 lines. „„ 


II. Obſervations on the fingularities of the 
98 natural hiftory of France. b 


The academy having a deſign to examine the 
wonders of France, has begun with Dauphiny, 
and with a very famous burning fountain in that 
province, four hours diftant from Grenoble. 


Saint Auguſtin * has mention'd it, and ſeems to 


treat it as a ſupernatural miracle. But as it is good 
to be well aſſured of our facts, and not to ſeek for 


the reaſon of what does not exiſt; M. de la Hire 


wrote to M. Dieulamant, the Fing's engineer in 
the department of Grenoble, from whom he re- 


_ ceived an information, as well circumſtanced as 


could be wiſhed. M. Dieulamant went upon the 
ſpot, and examined it with a philoſophical eye. 
It is no fountain ; but a ſmall ſpot of ground, 
6 feet long, and 3 or four broad, where may be 
ſeena light, wandering flame, like that of brandy, 
Gixt to à dead rock, of a ſort of rotten ſlate, 
which crumbles in the air. This ſpot is upon a 
pretty ſteep declivity; about 12 feet below it, 
and as much on one ſide, there falls from the neigh- 
bouring mountains a little rivulet or torrent, 
which perhaps may formerly have flowed more 
high, and near the burning earth, which might 
have given room to think that the water burned. 
The flame is not obſerved to come out of any 
hole or cleft in the rock, by which it might be 
ſuſpected to have a communication with ſome 
lower cavern that might be inflamed. There is 
no matter found which may ſerve as nouriſhment 
to the flame, and it is only perceived to have a 
ſtrong 


* De civitate Dei, lib. xi, cap. 7. 


a noiſe. 


RovAL ACADEMY of SCIENCES, ty 
ſtrong ſmell of ſulphur; and it leaves no aſhes. 
There is a very hot, white ſort of ſalt petre about 
the place where the fire appears. 

M. Dieulemant has been affured, that this fire 
burns moſt in winter, and in moiſt weather, that 
it diminiſhes gradually in great heats, and often 
goes out near the end of ſummer, after which it 
rekindles of itſelf. It is very eaſy alſo to make it 
kindle by another fire, which it does readily with 


M. Dieulamant obſerved in the laſt place, that 
about the fire the earth cleaves, gives way, and 
finks down. He does not aſcribe this however 
to the fire, but to the waters which flow among 
the dead rocks, and hollow the earth, or carry it 
away. This effect is ſo conſiderable in Daapbiuy, 
and eſpecially in the country called 1s Chanſeaux, 

that ſometimes two villages ſituated upon two 
different mountains, which could not be ſeen from 
each other, becauſe other higher mountains were 

between them, have begun at once to be ſeen 
from the ſinking of the interpoſed mountains. 


HI. Of inſets. 


Inſects appear ee e to the vulgar, who 
neither know how to place their admiration nor 
their contempt. They are moſt commonly treated 
as imperfect animals, but philoſophy judges them 
ſo much more worthy of her attention, as they 
ſeem to have been formed by nature on a quite 
particular idea. | L 2 
None but they, for example, change their 
ſpecies, and aſter having crept on the ground riſe 
up into the air, and kk a new and more noble 
life. What M. Homberg has obſerved of the 
| | +700 


See the memoirs for this year, Art. vii. 


16 The HrsToRY and MEMoIRs of the 


odd copulation of adder-bolts will ſhew how fruit- 
ful and unexhauſtible nature is in mechanical i in- 
ventions, to obtain her ends. | 
To be of both ſexes at once, and to perform 
the functions of both at the ſame time, is another 
circumſtance peculiar to inſedts. M. Poupart has 
enumerated all the ſpecies in which he is ſure of 
this particularity. They are the earth worms, 
the round worms in the human inteſtines, thoſe 
in the inteſtines of horſes, the ſlugs or ſnails.with- 
out ſhells both of the land and the freſh waters, all 
the ſpecies of ſnails with ſhells, all the ſpecies of 
leeches. - And as all theſe infects are reptile and 
without bones, M. Poupart concludes, that pro- 
bably the reſt, which have theſe two characters, 
are alſo hermaphrodites; for nature, which varies 
ſo much from one kind of animals to another, ob- 
ſerves uniformity enough between the ſpecies of 
the ſame kind, as to their principal characters. 
Not but that there are reptiles without bones, 
which are not hermaphrodites, as the worms 
which change to flies, ſilk-worms, and other ani- 
mals. But far from being hermaphrodites they 
are of no ſex at all; and, to ſpeak properly, 
are not animals, being nothing but caſes or masks 
that wrap up and hide real animals, which after- 
wards come out with wings. And tho' theſe 
worms may ſeem to be ſenſible, yet perhaps 
their ſenſibility belongs only to the concealed 
animal, and not to that which appears. But, 
however, the worm which is to change to a fly or 
to a butterfly, is neither male nor female, and 
does not engender ſo long as it is a worm; but 
ſtays till it is metamorphoſed. 
To give an example of the obſervations that 
may be made on the hermaphrodite animals, ſee 
how M. Penpar. has made his on the copulation 


of 
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of earth - worms. Theſe little ſerpents ſlide by 
pairs into a Hole that ſuits them, there they ad- 

juſt themſelves in ſuch a manner, that che head of 
one is turned towards the tail of another; they 
apply themſelves to each other in a right line, 
-and alittle button of one in form of a little cone 
is inſerted into a little aperture of the other reci- 
procally. The mutual inſertion of theſe little but- 
tons is. eaſily ſeen, by taking the two worms gently, 
drawing them gradually in the ſpace between t 
buttons, and ſurveying them in a full light. They 
are found in copulation in the ſpring; and you 
muſt look for them in fat and moiſt paſtures, if 
you deſire the biggeſt, „ 32 
As thele animals are male at one extremity ef 
the body, and female at the other, and as they 

can eaſily bend, M. Homberg does not think it 
impoſſible, but that an earth- worm may couple 
with itſelf, and be both father and mother of the 
ſame animal. This would be a ſtrange ſort of 
generation; but what is ſtrange may perhaps be 
ſo only through our ignorance ; and do we know 
the bounds of the diverſity with which nature 
has thought fit to adorn her works? ; 


IV. On the feathers of bi as. 


M. Ponpart has obſerved, that feathers are 
nouriſhed by blood and by lymph. We may be 
ſure of this by diſſecting with a little ſkill a great 
feather of a young bird before it has loſt its down; 
but it 18 ſtill more eaſy to preſs this feather length- 
| wile, and fee the lymph and the blood come out 
of it. It muſt be a young bird, as it muſt always 
be a young animal, when one would obſerve how 
the nouriſhment of the bones is formed. Feathers 
and bones are parts whoſe veſſels diſappear, and 
OL. 1. « & | whole 
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whoſe mechaniſm grows leſs viſible as they become 
more perfect. At the end of the quill there is a 
little hole, by which the blood - veſſels enter, juſt 
as they enter into a tooth by a little hole that is 
at the extremity of the root. The pith, which is 
taken from the inſide of a quill when we cut it to 
make a pen, in young birds is a great fleſhy ca- 
nal, juſt like a vein filled with lymph, about 
which the blood veſſels, which entred at the end 
of the quill, ſpread themſelves and divide into a 
thouſand little branches. 

But if we would know what this great fleſhy 
canal is, we muſt not examine it in young birds, 
but in ſuch as are full grown ; the point of view 
in which it is to be placed being no longer the 
lame. 

An explanati on of the figures. 


Plate I. Fig. 1. The great feather of on wing 
of a large young bird, which has not loſt its 
| down, being almoſt wholly incloſed in the long 
_ cartilaginous tube a h, which preſerves the vanes 
of the feather, which at . are only a ſort 
of pap. 

Fig. 2. Repreſents the ſame feather, with the 
quill opened lengthwiſe, to ſhew 1n its cavity a 
large and Jong cavernous fleſhy body, cd, upon 
which are ſpread an infinite er of ſmall blood- 
veſſels, which enter by the lower hole 4, to pour 
their lymph into the caverns of this body, to be 
carried into all the parts of the feather to nouriſh 
them. 

Fig. 3. The pith taken out of the quill of a 
large young bird, to ſhew them more eaſily and 
diſtinctly. 

Fig. 4. Cavernous bodies compoſed of funnels 


towards the upper part, and cups in the reſt, 
I which 
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which are ſeen in the great quills of young birds, 
when they begin to dry and become tranſparent. 

Fig. 5. Three funnels boxed into one —_— 
which are taken out of the canal à of Fig. 4, to 
ſhew how the canals of theſe funnels enter after- 
wards into their pavilions, to carry the lymph 
into the veins and pith of the feather Fig. 2. to 
which the canal e is faſtened at the place c. 

Fig. 6. Little bags or cups of which the body 
repreſented i in Fig. 4. is chiefly compoſed. 7 
We ſee then in grown birds, that this canal 
is compoſed of ſeveral little tranſparent cups, pla- 
ced one above another, and diſpoſed in ſuch a 
manner, that the bottom of the lower one 1s ar- 
ticulated, or faſtened into the opening of the up- 
per one, and ſo upwards on to the top of the 
quill. But when we come near to the vanes of 

the feather, theſe little cups become like funnels, 
at leaſt 'in ſome ſpecies of birds, as in turkeys. 
The tube of the lower funnel enters into the pa- 
vilion of the upper one, and faſtens itſelf to the 
bottom of it, and the tube of the laſt funnel enters | 
into the pith of the feather. 

The blood-vefſels pour their lymph into theſe 
little cups, and thence it is filtred ro the top of 
the quill, whence it enters into the pith of the 
_ feather, which being only a ſpongy ſubſtance ea- 
ſily imbibes it, and diſtributes it on both des 

1nto the vanes. 

In turkeys :his pith is nothing but an alfemblage 
of an infinite number of pretty ſenſible canals; 
for the parts of the organs of an animal are 
themſelves organiſed, and the complication of the 
mechaniſm is infinite; and there is hardly any 
room to queſtion, but that the other birds whoſe 

N of the pith of the feather are not viſible, 
C 2 0 
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are found there only in ſmall, and perform the 
ſame functions. | 

M. Poupart has obſerved that one fin gle "a | 
ther of a young vultur, with the down if on, 
weighed more than fix other feathers of the fame 

els that were in their perfection, it was fo 
loaded with nutritious juices; and thence he con- 
cludes, that as feathers are inſtruments abſolutely 
neceſſary for birds to ſeek their ſubſiſtance, nature 
makes haſte to bring them to perfection, and la- 
bours about them with more diligence than ſhe 
does in moſt of her other works. 

One might be contented with ſeeing that the 
cavity of the quill had been wrought by nature, 
to reconcile at once ſtrength, ſuppleneſs and 
| lightneſs ; but we ſee beſides that this void ſerves 
for a magazine to the nouriſhment which is to be 
diſtributed thro' the whole feather, and that the 
ſame mean anſwers to ſeveral views at once. 

It is another curioſity, to obſerve the care that 
nature takes to preferve the ſprouting feathers of 
young birds. The vanes of thele feathers are at 
firſt ſo tender and delicate, that they ſeem to be 
meer pap. They are alſo rolled up in a long 
cartilaginous tube, full of moiſture, that they may 
not be expoſed to the air, which would © dry 
them and. ſhut up their pores, that they could not 
receive any nouriſhment. But when they are 
ſtrong enough to be no longer afraid of the action 
of the air, the caſe, in which they were rolled up, 


becoming no longer neceſſary, dries up and falls 
off of itſelf in ſcales. | 


V. Of the tigers bs Chins 


F. Gouye has communicated an anatomical de- 
ſcription of a firiped tiger, made at China by 
the 
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4 Jeſuits. We hardly know in Europe any 
tigers, but ſuch as have their ſkin marked: with 
ſpots; but in Tartary and China they have a ſort 
which is marked with black ſtripes ; and-in.thoſe 
countries it is pretended that they are two diffe- 
rent ſpecies, tho* they do not ſeem to have any 
other difference. The ſtriped tiger, which the 
Jeſuits of China diſſected, had been killed in 
hunting by the emperor, together with four 


others: It weighed but 265 pounds, ſo that i it was 


none of the biggeſt ; one of the others weigh d 

400 pounds. That which was diſſected, had 3 of 
its ſtomach full of worms, and it could not be 
ſaid to be corrupted: One of the company ſaid 
he had found the ſame thing in another tiger, 
which he had ſeen opened at Macao. 


VI. The poſition of home towns in China, 
Turkey, and Armen; .. 


F.  Gouye having collected the obfireuaicen 


made. by the Feſuits i in theſe countries, has calcu- 
lated them all, and drawn from them the poſi- 
tions of ſeveral towns: He has choſen the leaſt 
- doubtful operations, has had regard to the error 


which may be ſuſpected in the inſtruments, he 


has taken the mean numbers between the greateſt 
differences, which reſult from differenfobſerva- 
tions made for the ſame end. 

We ſhall not give here either the obſervations 


of the Feſuits, or the calculations of F. Gouyc, 


but only the reſults of them. 

The longitudes were taken from the immerſions 
or emerſions of the ſatellites of Zupiter, which 
F. Gouye has reduced to the meridian of Paris, 


by M. Calin: 's tables, and by the neareſt obſer- 
vations 


— 
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vations which he has found to have been N at 


the obſervatory. 
The poſitions of ſome towns in China, 
Pekim. | 
Lat. N. at the houſe of the Jeſuits 39 54 . 
Longitude 136 46 30 
It _—_ be obſerved, that we here) | 
uppoſe, and always ſhall here „ 
aſter ſuppoſe the e of ry 1 
ris to be | 
Ning-pe or Lamps, in the province of© Chekiam, 
1 V 
Longitude 141 18 


The cape of Ning-po is about 5 
leagues more to to E. than Ning- 
po, which gives almoſt 157 of a 
degree in longitude. 
The Cape-Vert is more 135 than | 
Paris by — : '9 30 
Which gives the aired in ed 5 
gitude between Cape Vert andp 138 33 


Ning po - £ 


globe makes it - $: 163 37 
Kiam-Chen, a town of the firſt rank in the province 
of Aan. 

Lat. N. — os 1 35 37 
Longitude 3 — - - 191 239 15. 
Nan Kim. 
Lat. N. 2 5 hap? 32 4 
— y 


Aambay, 


M 


Ro AlL ACADEMY of SCIENCES. 23 


Xambay, a town of the third order on the E.. coaſt 
of China, and upon a great river named Ho- 
ampou, 4 leagues from the ſea, 


„ „ 
Lat. N. — = - 1331 
The obſervations from which this 
latitude was taken, are not abſo- 
lutely certain. There may be 2 
minutes difference. e | 
Longitude „% EIES 
Sing-ghan-fu, capital of the province of Xenſi. 
Latitude WG. - 34 16 45 
Longitude = - — 129 6 45 
' Nam-cham-fu, capital of the province of Kiamfl. 
ha 
Latitude. - 8 28 40 
Kam- cheu-fu of Kiamfi. ö 
Latitude — 5 - 228 49 64 
Nan. gban-fu of Kiamſ. | 
Latitude p - - 25 27 31 
> 2 = KHoachen, 
Latin 8 - 24 44 10 
It is doubtful, „ | 
Canton. 
Latitude - —˖ͤ 
Longitude - - 133 13 15 


Tho! the latitude is different from all thoſe that 
have hitherto been aſſigned to this city, yet we 
may depend more upon this, becauſe it is drawn 

from the moſt exact and numerous obſervations. 


55 Su-cheu-fu, in the province of Namkim. 


- 0 I H 
Latitude = a. - 31 17 50 
Longitude -< - - 140 16 15 

e | | 1 


" 4 * A ' a N —_ 
bs SOS * Pn FIPS S. + 2 * ae * 
28 * " —_ - 9-94 42mg r 2 
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vations which he has found to have been made at 


the obſervatory. 
The poſitions of ſome towns in China, 
Pekim. 
Lat. N. xt the houſe of the Jeſuit 29 54 
Longitude - 136 46 30 
It muſt be obſerved, chat we here 
e, and always ſhall here- 2 
after ſuppoſe the man of 225 3 
775 to be 
N:nz-pe or Os, in the province of Chetiam. 
Lat. N. - + 0 £5} 29 56 
Longitude TT = 
The cape of Ning-po is about 5 
enn E. than Ning- 
5, which gives almoſt 15 of a 
in 
The Cape-Vert ds more W. than 
Peris by 5 +65 tat 


Which gives the a in "FM 8 
girude between Cape Vert 138 33 
Nrmg-p0 = - 

However F. Cerenelli in 


globe makes it - 
ELan-Cbez, a town of the fir 


S great], 163 37 


rank in the province 


of Aan, | 
| o / H 
LN. — 3597 
Longrude - = - 131 39 Is 
. Nan Rim. 
Lat. N. - . 22" 4 


Longimdde 5 129 
Aambay, 
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Xambey, a town of the third order on the E. cog 


of China, and upon a great river named Ho- 
ampou, 4 leagues from the ſea, 7 


Lat. N. 35 - 31 16 
The obſervations from which this 

latitude was taken, are not abſo- 

lutely certain. There may be 2 

minutes difference. - 3 
Longitude = „„ 


Sing- gban. fu, capital of the province of Xenfi, 
| | 0 | W 
Latitude N. „„ „„ 34 16 45 
Longitude = - - 129 6 45 


 Nam-cham-fu, capital of the province of Kiamf.. 


Latitude. - - „ 28 40 
Kam- cbeu- fu of Kiamfi. ; 
Latitude - = - 2238 49'54 

| Nan-ghan-fu of Riamſi. 
Latitude - - _ = 25 2729 
15 Loacheu. 
Latitude 5 £ 24 44 10 
It is doubtful, 5 
Canton. 
Latitude - - - "24 7 4 
_ Longitude TE - 13 17 15 


Tho! the latitude is different from all thoſe that 
have hitherto been aſſigned to this city, yet we 
may depend more upon this, becauſe it is drawn 
from the moſt exact and numerous obſervations. 


Su-cheu-fu, in the province of Namkim. 
TY, 


Latitude - - - 400 IF 50 
_ Longitude - - 140 16 15 
The 
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The obſervations, from which F. Gouye | has 
concluded theſe latitudes and longitades, which will 
ſerve do rectifſy the map of Ching, are received 
from the Fathers de Fonraxay, le Comte, Bowvet, 
Gerdbillon, and Viſdelou. 

The academy received alſo in Fuze a letter from 
F. de Fontenay, dated Nov. 8. 16g7, at Trbaot- 
cheou, a city of the firſt order in the province of 
Canton. He gave an account of an obſervation 
he had made of mercury in the ſun at 7 chaotcheon, 
Nov. 3, 1697, Tho! he did not think it himſelf. 
entirely exact, F. Gouye calculated it, in order to 
compare it with the obſervation at Paris. He 
found by this compariſon, that the total emerſion 
of nercury from the diſk of he ſun, which was 


ſeen at Tehastcheou ac ; 48 44 afternoon, was 


ſeen at Paris at 8 10 24 in the morning, and that 
conſequently che difference of the meridians of 


Tehaoickeeu and Paris, is 7 38 20, which be- 
ing valued in degrees, and added to the longi- 
tude of Paris, — the longitude of 7 ee 


3 


; —— 30 
F. Fontenay judges alſo by eſti- Fs 
mation, that Tchaatcheon is mor 3 30 
eaſterly than Canton - - 


Whence the longitude of Canton 
n 
It has deen found W the . | 

to be 16 


Which is a ſufficient conformity for ſuch great 
| Giftances, and in ſuch nice operations. 


The 
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The Og of * owns of nds and 


rmenia, 
| nt | x 
e 5 
Latitude | 3 2 38 12 39 
Coronelli makes it „ 0% 
e 6B] Trebionde. 15 
Latitude - | 41 3 54 
Riccioli makes it FTT 
Longituddte — 65 o 45 
Coronelli makes it „ 71 30 
223 Erzeron. 
atitude - - 39 56 35 
Longitude „„ 2 
oP Eruan. 
Latitude - 40 19 32 


Fi. Gouye has drawn thelb concluſions from the ; 
oblerration of F. de Beꝛe. 


VI. The offs of burning glaſſes of three or 
; four feet in diameter. 


M. Tſ{chirnhaus has cut ſome burning glaſſes, | 


the effects of which are above all that has yer 


been ſeen. What he has communicated to us 
1s as follows. 

1, You mult place the ola a b, ſo that it 
may receive the rays of the Tun full, which may 
be known by the focus or image of the ſun E, 
_ appearing perfectly round on the plank cd, which 
muſt be parellel to the glaſs a5; and if this fi- 
gure ſhould be oval, you muſt bend and turn the 
glaſs till it arrives at this perfect roundneeſs; and 
then wood will catch fire in a moment, lead will 


1. Fig. 7. 
Vor. 1 INF. x. | melt, 
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melt, ſlates will vitrify, &c. and this at the diſ- 
tance of 12 feet, the focus being 1 inch 1 in dia- 
meter. 

To render this focus more wil, you muſt 
contract it by means of a ſecond lens, which muſt 
be placed at fg, parallel to the firſt glaſs. a b, 
and then the focus, which was at E, will be at 
H, and whereas it had a diameter of 1 inch 2, it 
will have one of 8 lines; but its force will be 
much augmented, ſo that the ſubſtances, which 
were not tuſible at E, will melt at H. 

. This glaſs muſt be mounted on a foot like 
that which bears the great burning mirrour of the 
obſervatory, that it may be turned every way, 
and placed in a conventent fituation to receive the 
rays of the ſun always full upon the glaſs. Theſe. 
rays are always ſtrongeſt from 9 in the morning 
to 3 in the afternoon, both in ſummer and win- 
ter. It muſt be obſerved alſo to expoſe leſs mat- 
ter in winter than in ſummer, and that the ef- 
fects are a little flower in winter. Tae effects 
are: 

= Every ſort of wood, let it be ever fo hard, 
or ever ſo green, nay, tho? it be ſoaked in water, 


5 catch fr in a moment. 


. Water in a ſmall veſſel will boil in a mo- 
Bia 

Bits of metal being of a proportionate big- 
nels will melt, not in a moment, but immedi- 
ately after the whole bit of metal has attained to 
a certain degree of heat. For example, a bit of 


lead, if it is too big, will not melt at all, but be- 


ing of a proportionate bigneſs, it muſt be held a 
little while in the focus; and when it begins to 
melt in one place, all the reſt will continue to 
melt. The iron mult be in very thin flakes, and 

then 
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then it will grow red in a moment, and after- 
wards melt alſo. 

. Tiles, ſlates, pumice- ſtones, earthen ware, 
1 of any bigneſs whatſoever, grow red in a 
moment and vitrify. 

5. Sulphur, pitch, and all ſorts of reſins a 

under water. 
6 When you expoſe to it in ſummer any ten- 
der wood, ſuch as fir, under water, it does not 
ſeem to change it on the outſide; but when it is 
cleft in/two, it is found burnt within to a coal. 

7. If you make a hollow in a coal of hard 
wood, and put the ſubſtances into it that you 
would expoſe to the ſun, the effect will be infi- 
nitely more violent. 

8. Any metal whatſoever put into the hollow 
of a charcoal melts in a moment, and fire ſparkles 
in it as in a forge z and if you keep the metals in 
this manner in fuſion for ſome time, they fly 
quite away, which" happens particularly and very 
readily to lead and tin. 

9. The aſhes of wood, herbs, paper, linen, 
Sc. turn to a tranſparent glafs! in a moment. 

10. If any ſubſtances will not melt when they 
are in pieces, you mult expoſe them in powder; 
and if they do not melt in powder, you muſt add 
ſome ſalt, and the whole will melt. 

11. The ſubſtances, which are moſt altered by 
this fire, are ſuch as are black, and remain 

black in melting; the more difficult are ſuch as 
are white and become black in melting; ſtill 
more difficult are thoſe which are black and 


become white in melting; the moſt difficult 


of all are the white ſubſtances, which remain 
' white in melting. ſuch as flints, Englifa chalk, 
lime, &c. 
| G 12. All 
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12. All metals vitrify on a China-plate, pro- 
vided it is thick enough not to melt itſelf, and the 
fire is given it by degrees that it may not crackle. 
Gold receives a fine purple colour in its vitrifi- 
man, 1 . 
13. If you put in a great receiver @ ù c ſome 
ſubſtances in c which melt eaſily, ſuch as herbs, 
ſulphur, antimony, zink, biſmuth, c. by ap- 
plying a ſingle burning glaſs, you may obſerve 
very curious effects in the receiver; but you muſt 
take care that the part of the receiver a 5, which 
gives paſſage to the rays of the ſun, may not be 
near enough to the focus c, for the heat to break 
the receiver. , TE 
14. Salt petre in a ſuitable doſe volatiliſes en- 
Erely, and goes off in ſmoke ; ſo that by this 
means one might make ſpirit of nitre readily in a 
great receiver. — : 
T5, To melt the greateſt quantity of matter at 
ence, you muſt put but a little at a time, and when 
it is melted, add a little more, and ſo on. In this 
n1anner, you may keep 4 ounces of. ſilver in fu- 
{on at once. Y 

16. A ſolid ſubſtance which is eaſily put in 
ſuſion, may ſerve as a flux to another, which is 
mielted with difficulty, if you expoſe them to the 
Foc us together, even tho' there might be but a 
little of that which 1s eaſily fuſible. 

17. It is obſervable alſo, that two ſubſtances, 
eacli of which is difficult to melt ſeparately, when 
they are expoſed together in a certain doſe, melt 

very eaſily, as flints and Engliſh chalk. 

18. A little copper melted in this manner, and 
throvn quickly into cold water, produces ſo vio- 
lent a ſtroak in this water, that the ſtrongeſt. 
earthen veſſels break, and the copper flies away 
divided into ſuch ſmall parts, that there * 

1 | : dne 
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che leaſt grain be found, which does not happen 
to any other metal. 2 ä 

19. As metals evaporate in the fuſion, ſome 

ſooner than others, ſome of them may thereby 
purify others; for example, ſilver may be puri- 
fied by lead, as well as by the ordinary cuppel. 
20. You may make by it all forts of coloured 
. 1 
2 21. All bodies, except metals, loſe their co- 
lours in this fire, and even precious ſtones are 
quickly deprived of theirs ; ſo that an oriental 
ruby loſes all its colour in a moment. 
22. Some bodies vitrify immediately, and be- 
come as tranſparent as cryſtal, and when cool 
they become as white as milk, and loſe all their 
tranſparence. 

23. Some bodies on the contrary, which are 
opake in the fuſion, become finely tranſparent 
when they are cold. 5 

24. Some ſubſtances are very tranſparent in the 
fuſion, and remain ſo when cold; but ſome days 
after they become opake. Ti 
| 25. Some ſubſtances, which the fire changes 
into a glaſs, that is tranſparent at firſt, and after- 
wards becomes opake, being melted with other 
ſubſtances that are always opake, will produce a 
fine glaſs, which will always remain tranſparent. 

26. Thoſe bodies, which change into a tranſ- 
parent glaſs, become much more beautiful, if they 
are left a little longer in the focus. 

27. Some ſubſtances turn to ſo hard a glaſs, 

that being cut in facets, it cuts common glaſs. 
28. When you melt lead and tin together on a 
thick plate of copper, there comes out a great. 
deal of ſmoke ; bur if there is only one of them, 
and they do not go off entirely in ſmoke, there 
remains always a vitrified ſcorium. 


29. You 
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29. You may concentrate the rays of the 
moon by theſe glaſſes, but they will give no ſen- 


| ſible heat, tho* they make a great brightneſs. 


20. You may make alſo with theſe glaſſes 
curious repreſentations in opticks, and better than 
with the concave mirrours; and you may make 
alſo glaſſes for teleſcopes and microſcopes, much 
better than any that have hitherto been ſeen. 


VII. On a machine made to prove the pro- 
portion of the fall of bodies. 


The ingenious hypotheſis of Galileo, on the 
proportion according to which the quickneſs of 
talling bodies increaſes, is from henceforth eſta- 
bliſhed in phyſicks. By dividing into equal parts 
the time of the fall of a body, we know that in 
the ſecond moment it goes thro* 3 times more 
ſpace than in the firft, 5 times more in the third, 
and ſo on, according to the odd numbers. But 
this hypotheſis, fo convenient for calculation, and 
fo probable in reaſoning, is however not good at 
the bottom, any otherwiſe than as it agrees with 
experience, and this is not very eaſy to prove in 
2 great degree of exactneſs. 

For this purpoſe, F. Sebaſtien has conceived 
2nd very exactly executed a machine, which 
ſcemed to him more fit to prove the ſyſtem of 
Galileo, than the other experiments which have 
bern made with the fame deſign. 

This machine is compoſed of 2 or 4 equal pa- 
rabolas, which interſect at their top by making 
equal angles, and have a common axis perpen- 
dicular to the horizon. This forms a para- 
boloid, about which there turns a ſpiral, com- 
poſed of two parallel braſs wires, which make 
a very narrow inclined plane, and fo dit- 


| poſed, 
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poſed, that the firſt turn of the ſpiral being 1 inch 

in diameter, the ſecond is 3, the third g, the fourth 

7, Cc. Theſe turns of the ſpiral, which are to each 

other as their diameters, are the unequal ſpaces 
which the falling bodies muſt go thro' in equal 

times. We ſee therefore, that if we let a little ivo- 

ry ball of 6 inches in diameter fall from the top of 
the paraboloid, and paſs thro the whole inclined 

ſpiral plane, it will paſs thro? all the turns in the 

ſame time; and this will appear ſtill better, if 2 
equal balls turn about a paraboloid at the ſame 

time, and at ſome diſtance from each other ; for 
when one has ſeen them paſs in the ſame inſtant 
over the ſame arch of one of the parabolas, one 

ſees that they continue to go always together, and 

to be found at the fame inſtant over every other 

arch whatſoever, tho* being at different heights 

they go through very unequal turns of the ſpiral. 
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 SCIBNCES at Parts for the Year 1699 *. 


I. Reflections on ligbt and colours, and on the 
generation of fire, by F. Mallebranche. 


N order to explain my notion of the mitral 
cauſes of light and colours, let us imagine a 
great ball preſſed on the outſide by an infinite 
force, and filled with a fluid matter, the motion 
of which is ſo rapid, that not only the whole 
turns with a great deal of quicknefs, about a 
common centre, but alſo, that each part, to ful- 
fil its whole motion, that is, to move as much as 
it has force to do ſo, is obliged either to turn 
upon the centre of an infinite number of little 
vortices, or elſe to low among them, and all this 
with an extraordinary rapidity. In a word, let 
us imagine the matter contained in this ball to be 
nearly ſuch, as M. Deſcartes has aſſigned, to our 
vortex ; excepting that the globules of his ſecond 


element, which he ſuppoſes to be hard, are them- 


ſelves only little vortices, or at leaſt that they 

have no hardneſs, but by Wn compreſſion of the 

| matter 
* April 4. 1699. 


| Royar Acapiny of ScrEnces. 33 


- tber which ſurrounds them. For if theſe globules 
were hard of themſelves, which-I think I have 
ſufficiently proved : to be falſe, they could not, as 
we ſhall ſee hereafter, tranſmit the light and dif- 
ferent colours thro the ſame point, where the 
rays croſs. But if this ſuppoſition meets with 
any difficulty; it is ſufficient at preſent to imagine 
a ball full of water, or rather of a matter infi- 

nitely fluid, and extremely compreſſed on the 
outſide. The circle ABC is the ſection | of 
this ball thro? the centre. 

This being ſuppoſed, if we make 8 line hols 
in this ball, as at A, I ſay, that all the parts of 
water, as thoſe, for inſtance, at R, 8, IT, V, will 
tend towards the point A, in right lines RA, SA, 
TA, VA. For all theſe parts, which were equally 
preſſed, ceaſing to be ſo on the ſide which an- 
ſwers to the hole A, they muſt tend thither; ſince 
every body that is preſſed muſt tend to move it= 
{elf by the fide where it finds the leaſt reſiſtance; 
But if we put a piſton to the aperture A, and 
drive it quickly in, the ſame parts R, 8, T, V, 
Cc. will all endeavour to remove from. the hole 
by the ſame right lines A R, AS, Sc. becauſe 
when the piſton advances, they are more preſſed 
by the fide which anſwers to them directly, than 
by any other. 

In fine, if we conceive that che piſton advances 
and retires very quickly, then all the parts of the 
fluid matter which fills the ball exactly, the elaſ- 
ticity of which J ſuppoſe to be very great, or 
that it ſtretches or extends itſelf with great diffi- 
culty, will receive an infinite number 'of ſhocks, 
which I call vibrations of preſſure. 


7% GS, Dernier de la Recherche de ia 7. ri. 1 
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As every thing is full, our eyes are aQually 

Preſſed, tho? ſhut or in the dark. But this com- 

of the optic nerve does not excĩte any ſenſa- 
tion of colours, becauſe this nerve is always equally 
compreſſed : for the ſame reaſon that we do not 
feel the weight of the air which ſurrounds us, 
tho“ as heavy as 28 inches of quickſilver. But, 
if we imagine an eye at T, or elſewhere, turned 
towards a flambeau at A; the parts of the flame 
being in a continual motion, will preſs without 
ceaſing more ſtrongly than in the dark, and by 
very quick. ſhakes or vibrations, the ſubtile mat- 
ter. on all ſides, and conſequently becaufe of the 


| plenum, quite to the end of the eye; and the op- 


tic nerve, being more preſſed than uſual, and 
ſhaken by theſe vibrations, will excite in the 
mind-a ſenſation of light, and of a lively and 
glaring whiteneſs. 

H we ſuppoſe at 8, a black body M; the ſob 
tile matter not being reflected towards the eye 
turned that way, and not ſhaking the optic nerve, 
we ſhall ſee black, as when we look into the 
mouth of a cave, or the hole of the fight of. an 


eye. 
3 the body M is ſuch, that the ſubtile matter, 
which the flambeau ſhakes, is reflected from this 


body towards the eye, without the quicknefs of 


the vibrations diminiſhing, this body will appear 
white, and fo much the more white, as there are 
more rays reflected. It will alſo appear luminous 
like the-flame, if the body M being poliſhed, 
the rays are all reflected, or a great part of them, 
in. the ſame order, becauſe the brightneſs comes 
from the force of the vibrations, and: the colour 
from their quickneſs. _ __ 
But if = body M is ſuch, that the ſubtile 
matter being reflected has its vibrations leſs quick 
— x V 


Rox AL ACADEMY F SCIENCES, 35 
in certain degrees, which I do not think we can 
determine exactly; we ſhall have ſome one of 
the colours which are called primitive, yellow, 
red, or blue, if all the parts of the body M 
equally diminiſh the vibrations cauſed "4 the 
flame in the ſubtile matter. And we ſhall fee all 
the other colours which are formed by the mixture 
bes The primitive, according as the parts of the 
y M ſhall unequally diminiſh the quickneſs of 
— ues. of the light. This is what I meant; 
when I advanced in — of my books, that light 
and colours conſiſted only in different ſhakes ar 
vibrations of the etherial matter, or in + more or 
leſs quick vibrations of preſſure, which the ſubrile 
matter produced on the retina, _ 
This plain diſcovery of my opinion will me 
haps make it appear ſomething probable z 
leaſt to thoſe who are acquainted with the "Han 
ſophy of M. Deſcartes, and are not contented 
with the explication which that learned man has 
given of colours, But that a more ſolid judgment 
may be formed of my opinion, it will be Tel 
ſary to give ſome proof of it; and therefore we 
ſnall obſerve: 
I. That found is heard only by the medium of 
the vibrations of the air, which ſhakes the audi- 
tory nerve: for when we have drawn the air as 
much as we can out of the pneumatic engine, the 
ſound does not paſs thro' it, but is Jouder as the 
air is condenſed, and leſs in proportion as it 15 
rarefied. 
2. That the difference of tones does not come 
from the force of the vibrations of the air, but 
from gs greater or leſs quickneſs, as. all the 
world knows. 
| ®* Rechiyche te in Verity. tom. 2. pg. 364. | 
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3. That tho? the impreſſions, which objects“ 
make on the organs of our ſenſes, differ ſometimes 
only as to more and leſs, yet the ſentiments, which 
the mind receives from them, differ eſſentiallye 
There are no ſenſations more oppoſite than pleaſure 
and pain; yet he that ſcratches with pleaſure, 
will feel pain if he ſcratches a little harder: be- 
cauſe the greater or leſs motion in our fibres dif- 
fers eſſentially with reſpect to the well being of 
the body, and our ſenſes inform us only of this 
relation. It is very probable, that ſweet and bit- 
ter, which cauſe ſuch oppoſite ſenſations, often 
differ only as to more and leſs; for there are ſome 
who think bitter what others think ſweet. There 
are ſome fruits which to-day are ſweet, and to- 
morrow will be bitter. A little difference thers- 
fore in the bodies renders them capable of cauſing 
very oppoſite ſenſations. In a word, the laws of 
the union of the ſou] and body are arbitrary, and 
there is nothing in the objects like the ſenſations 
that we have of them, | 45 

It is certain, that colours depend naturally on 
the ſnaking of the organ of the fight. Now this 
ſhaking can be only ſtrong and weak, or quick 
and flow. But experience ſhows, that the more 
or leſs ſtrength or weakneſs of the ſhaking of the 
optic nerve does not alter the ſpecies of the cq- 
Jour ; ſince the more or leſs light, on which de- 
pends the more or leſs of this. force, does not 
uſually ſhew the colours of a different and quite 
oppoſite ſpecies. It is therefore neceſſary to con- 
clude, that it is the more or leſs quickneſs in the 
vibrations of the optic nerve, or of the ſhocks of 
the ſpirits contained in them, that. changes the 
ſpecies of colours, and conſequently- that the 
cauſe of theſe ſenſations comes primitively from 
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the more or leſs quick vibrations of the ſublite' 
matter, which compreſſes the retina. 

Thus it is with light and different colours, as 
jt is with ſound and different tones. The great- 
neſs of the ſound comes from the more or leſs force 
of the vibrations of the groſs air, and the diver- 
fity of the tones from the more or leſs quickneſs 
of the ſame vibrations, as all agree. The force or 
brightneſs of the colours comes therefore alſo from 
the more or leſs force of the vibrations, not of 
the air, but of the ſubtile matter, and the dife- 
rent ſpecies af colours from the more or leſs quicks - 
neſs of the ſame vibrations N 

When one has looked at the ſun, and the optic 
nerve has been very much ſhaken by the bright- - 
neſs of its light, becauſe the fibres of this nerve 
are ſituated in the focus of the tranſparent humour 
of the eye; then if one ſhuts the eyes, or enters 
into a dark place, the ſhaking of the optic nerve 
will alter only as to more and leſs. However, 
we ſhall ſee different colours, white at firſt, yel- 
low, red, blue, and ſome of thoſe which are 
formed by the mixture of the primitives, and in 
the laſt place black. Whence we may conclude, 
that the vibrations of the retina, which are very 
quick at firſt, become ſlower by degrees. For 
once more, it is not the greatneſs or force of theſe 
vibrations, but their quickneſs that changes the 
ſpecies of the colours; ſince red, for example, ap- 
pears red to aweak as well as toa ſtrong light. We 
might therefore judge perhaps by the ſeries of 
theſe colours, if it was- very conſtant, that the 
vibrations of the yellow are more quick than thoſe 
of the red,: and of the red than of the blue, and 
ſo of the other colours that ſucceed, But it ſeems 
to me impoſſible to diſcover preciſely by this 
means, or even by any other, the exact — 


— 
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ef the quickneſs of theſe vibrations, as they have 
been diſcovered in the conſonances of muſick. 
We can therefore only conjecture, and have re- 
courte to the probable, 

As the air is compreſſed only by the weight of 
the atmoſphere, there muſt be ſome little time 
allowed for every particle of air to remove the 
next to it. Therefore ſound tranſmits itſelf pretty 
fowly. It travels no more than about 180 toiſes 
I» a ſecond, But it is otherwiſe with light, be- 
cauſe all the parts of the ethereal light touch one 
another, and are very fluid, and eſpecially, be- 
Quſe they are compreſſed by the weight, if I 

may ſo fpeak of all the 3 So that the 
vibrations of preſſure, or the action of the lumi- 
nom body, muſt communicate from a great diſ- 
tance in a very little time. And if the compreſ- 
| Hon of the parts, which compoſe our vortex, was 
infinite, then the vibrations of preſſure muſt be 
made in an inſtant. 

M. Huygens, in his treatiſe of light *, concludes 
from the eclipſes of the Satellites of Fupiter, that 
ht tranſmits itſelf about 600,000 times faſter 
than ſound. Thus the weight or preſſure of the 
whole celeftial matter 1s without compariſon 
greater than that which is produced on the earth 
by_the weight of the atmoſphere. I think I have 
ſufficiently proved elſewhere , that the hardneſs 
of bodies can come only from the preflure of the 
fabtile matter. And if this is ſo, it muſt be ex- 
wemely great, ſeeing ſome bodies are ſo hard, as 
to require a very great force to ſeparate the leaſt 
parts of them. It appears to me, that the pro- 
portion of the weight of the ætber to that of the 


atmoſphere, is yet greater than that of 600,000 


* Pae 9. 
* 1 Sits Perite, Cb. Armer. 
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to 1, and that we may even look upon it 2s in- 
finite. 


Let us therefore now ſuppoſe, that all the parts 
of the ether, or ſubtile and inviſible matter of 


our vortex are compreſſed with an infinite force 
by thoſe which encompaſs it, and that each of in 


parts is very fluid, and has no hardneſs nor 


che motion of choſe which encompaſs ot com 
it on all ſides. And let us ſee how it is 

in the ſyſtem that I propoſe, that the impreſſiogs 

of an infinite number of rays, or of different c. 

lours, communicate without confounding, cach 

other. Let us ſee how 10,000 rays, Which 
each other in a phyfical, or ſenſible point, tranf- 
mit all their different vibrations thro* the ſame 
poiat, fince J have juſt proved, that the difference 
of colours cannot come but from the more- or 

leſs quickneſs of the ſame vibrations. P 

the fyſtem of the world, which may clear up da 

grand difficulty, will be conformable to the 
truth. 

Let“ AP E N be the ſection of a chamber 
painted with an infinite variety of colours, aul 
let them be the moſt diſtinct that can poſſbiy bes 

chat is, let there be at A white next to the 

n; blue 5 next the red 7; yellow i next to the 

violet v. If from all theſe points A, u, b, r, i, u, 
mere be drawn right lines interſecting each other 
as in Q, and the eye be placed beyond as at E, c, 
Fl % £ g, B, we ſhall ſee all theſe different colours 
by the intermiſſion of the point of interſection Q: 
and as this figure repreſents only one row of o 
lours, whereas we ought to — 8 as many as 
there are parts that the e guiſh in 2 

ſphere, the point of allen a 2 muſt receive 


: * Fig. 2. 
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and. tranſmit a very great number of different im- 
preſſions, without their deftroying each other. 
If the phyſical point; or the globule Q was a 
hard body, as M. Deſcartes ſuppoſes, it would 
be impoſſible for the eye at E to ſee the white at 
A, and another eye at c to ſee the black at. . 
For when a body is perfectly hard, if ſome part 
of this body advances a little, or tends directly 
towards the optic nerve, as from A towards E, 
it is. neceſſary that all the other patts tend thither 
alſo. Then we ſhall not be able to ſee the black 
and the white at the ſame time by the rays that in- 
terſect in Q. n 
M. Deſcartes pretends again, that the red is 
formed by the turning of little globules, which 
communicate together in the whole ray from the 


object to the eye. This opinion is inſupportable 


for many reaſons. But it is enough to overthrow 
it, if we do but conſider, that if the globule Q 
turns upon the axis PN from r where there is 
red, to f where the eye is, it will not be able to 
turn at the ſame time upon the axis rf, from N 
where I again ſuppoſe red, to P. where I ſuppoſe 
Another eye. „ 


Moreover, when I ſay that the rays interſect 


in the globule, or voriex Q, I do not pretend 
that theſe little vortices are exactly ſpherical, nor 


that the viſible rays have the ſame thickneſs with 
a globule of the ſecond element or a vortexy, 1 
do not determine what muſt be the bigneſs of 
theſe rays, for them to be able to ſhake the optic 
nerve ſufficiently to ſhew the colours. But what 


L have ſaid of one ſingle globule, muſt be under- 


ſtood of a thouſand, or a million, if one ray, in 
.order to be ſenſible, muſt be extended as far as a 
thouſand or a million of globules. - K 


\ 


Ror Al Acapemy of SCIENCES. 41 


It is not therefore poſſible, that the globule Q. 
or its like, can tranſmit the action of the light 
proper to ſhew all ſorts of colours, ſuppoſing theſe 
| globules to be hard. But if we conceive them in- 

finitely fluid or ſoft, ſo that the ſimple idea of 
the matter repreſents all the bodies, ſince reſt has 
no force, and it 1s indifferent to each part of a 
body to be or not to be near its neighbour, and 
it muſt part from it eaſily, if ſome force, that is, 
ſome motion does not reſtrain it; for we do not 
conceive in the bodies any other force than their 
motion : if, I ſay, we imagine theſe globules very 
ſofr, or rather, which I think is the truth, like 
little vortices, compoſed of a matter almoſt infi- 
nitely fluid, or extremely agitated, they will be 
ſuſceptible of an infinite number of different im- 
preſſions, which they may communicate to others 
on which they reſt, and with which they are al- 
moſt infinitely compreſſed. This I muſt endea- 
vour to explain and prove. | 

In order to this, it is neceſſary perfectly to 
comprehend, that the re- action, which like the 
action communicates itſelf at firſt in a right line, 
is here neceſſarily equal to the action: by this rea- 
ſon eſſential to the effect in queſtion, that our 
vortex is almoſt infinitely compreſſed, and that 
_ conſequently it cannot have any vacuum in it. If, 
for example, I was to puſh my cane againſt an 
immoveable wall, my hand and cane would be 
repelled with the ſame force which I puſhed with. 
The reaction will be equal to the action. Now, 
tho? the rays are not hard like ſticks, the ſame 
thing happens with regard to the reaction, be- 
cauſe of the preſſure and plenitude of our vortex. 

For if we ſuppoſe a barrel full of water, or the 
ball of the firſt figure full of air, and that having 
adapted a pipe to it, we puſh a piſton into the 
Ver. pipe, 
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pipe, this piſton will be as much repelled as it is 


puſhed forward. And if we make beſides in this 
piſton a little hole, for the water to get out of the 


barrel, and puſh this piſton, all the water, that 


ſhall be compreſſed by it, will tend at the ſame 
time, becauſe of its fluidity, to remove itſelf from 

each point of this pilton by the action, and by 
the reaction it will approach the hole in the mid- 
dle. For if the piſton was puſhed with ſufficient 
force and quickneſs, the barre] would burſt in the 


_ weakeft place, whereſoever it was, a certain mark, 


that by the action of the piſton, the water would 
preſs the barrel every where, and if the piſton is 
puſhed ever ſo little, the water will immediately 
ſpout out of the little hole in conſequence of the 
reaction. And all this, becauſe the reaction is 
equa] to the action in the plenum, and the water 
or ſubtile matter is foft enough or fluid enough 
for each part to form itſelf in ſuch a manner as to 
anſwer all ſorts of impreſſions. „ 

It muſt be obſerved, that the more ſtrongly we 
puſh the piſton that is let into the barrel, by ſo 
much more is the water, tho? driven toward the 
concave ſurface of the barrel, ſtrongly repelled 
toward the piſton, and ſpouts at its aperture with 
the more force. Whence it is eaſy to judge, that 
a black point on a white paper muſt be more vi- 
ſible than on a blue paper: becauſe the white re- 
turning the light more ſtrongly than any other 
colour, not only ſhakes the optic nerve very 
much, but 1s the cauſe that the ſubtile matter tends 
by the reaction toward the black point with more 
force ; but if the ethereal matter was not infi- 
nitely ſoft or fluid, it is clear, that the globules 
which tranſmit the impreſſion of the white, being 
hard, muſt hinder that of the black ; becauſe 
theſe globules ſuſtaining each other, could _ 

— os 1 
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tend toward the black point : and if this ethereal 
matter was not compreſſed, there would be no 
react ion. „„ 3 6 
What 1 have juſt ſaid of the white and black, 
may be applied to the other colours. But it 
would be very difficult to do it particularly, and 
to anſwer the difficulties which many people might 
form on this ſubject ; for it is eaſy to make ob- 
jections on obſcure ſubjects. I think however, 
that I have clearly proved, that the different co- 
lours conſiſt only in the different quickneſs of the 
vibrations of preſſure of the ſubtile matter; as the 
different tones of muſick come only from the dif- 
ferent quickneſs of the vibrations of the groſs air, 
as we learn from experience, which vibrations 
alſo croſs without deſtroying each other. _ 

It ought not to be imagined, that what I have 
ſaid of the globules of the ſecond element, which 
far from thinking hatd, I rather look upon as 
little vortices of a fluid matter, can overthrow 
the philoſophy of M. Deſcartes. On the con- 
trary, if my opinion is true, it perfects what is 
general in his ſyſtem. For if my opinion may 
ſerve to explain light and colours, it ſeems to me 
alſo very proper to reſolve, conformably to the 
principles of this philoſopher, other general queſ- 
tions in natural philoſophy; as for example, to ex- 
plain the generation and ſurpriſing effects of fire, 

which I ſhall now endeavour to do. | 


On the generation of fire. 

As bodies cannot naturally acquire any motion, 
unleſs it is communicated to them by ſome others, 
it is plain, that fire cannot be kindled without the 
communication of the motion of the ſubtile matter 
to the groſſer bodies. M. Deſcartes, we know, 
ſuppoſes, that it is only the firſt element that com- 

5 F 2 municates 


* 
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municates its motion to the third, of which the 


groſſer bodies are compoſed, and which by agi- 
rating them ſets them on fire. According to him, 
when we let off a gun, we forcibly detach a little 
part of the flint. (I ſhould rather it was a part 
torn from the ſteel that kindled; for when we 


examine with a microſcope the ſparks of fire ga- 


thered together, we ſee that it is the ſteel that has 
been diſſolved and reduced to globules, or little 
ſerpents; and I have not obſerved any alteration 
to be made in the ſparks detached from the flint.) - 
This little part being detached from the iron 
whirling round with force, drives the globules of 


the ſecond element, and makes the firſt flow back 


upon it, which encompaſſing it on all ſides, com- 
municates to it a part of its rapid motion which 
makes it appear in fire. This is pretty nearly 
the opinion of M. Deſcartes on the generation of 
fire. But if the globules are hard, and all of them 
touch, as he ſuppoſes for the explication of co- 
lours; it is difficult to comprehend how the firſt 
element could flow back towards the part detached 
from the iron; and that with a ſufficient abun- 
dance to encompaſs it and ſet it on fire; and not 
only it, but all the powder of a cannon or of a 
mine, the effects of which are violent. For the 
firſt element that can flow back can be at moſt 


but a very ſmall portion of the ſubtile matter, 


which fills the little triangular and hollow ſpaces, 
which the globules leave between them. 

I ſhall therefore thus explain the generation of 
fire and its violent effects, on the ſuppoſition that 
the globules of the ſecond element are in effect 
only little vortices, of a fluid matter very much 

But it muſt firſt be obſerved, that tho' the air 


s not neceſſary to excite any little ſpark of fire, yet 


without 
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without air the fire ſoon goes out, and cannot fo 
much as communicate itſelf to t EY 
which is fo ready to catch fire. When we dii- 
charge in vacuo a piſtol well {pra we learn by 
experience, that for want of air the prime does 
not take, and that it is very difficult to ſee ſo 
much as one ſpark from it. In ſhort, every one 
knows that fire goes out for want of air, and 
kindles by blowing. This being ſuppoſed, I ex- 
plain the generation of fire, and its quick, effect 
in mines after the following manner. 

If one lets off a firelock in vacuo, the force of 
the ſtroke beats off. a ſmall part of the iron-or 
ſteel, This little part whirling round, and ſtrik- 
ing quickly on ſome little vortices of the ſecond 
element, breaks them, and conſequently deter- 
mines their parts to encompals, and afterwards to 
agitate it and ſet it on fire. But the matter of 
theſe vortices, which we canno: imagine too much 
agitated, after having had in an inſtant a great 
number of irregular motions, partly replaces itſelf 
quickly in new vortices, and partly eſcapes into 
the intervals of the ſurrounding vortices, which 
intervals become greater, when theſe vortices ap- 
proach the detached part of the iron: and theſe 
laſt vortices 'are not broken, becauſe the part of 
the iron which is rounded or almoſt cylindrical, 
turning upon its centre or length, does not ſhock 


the encompaſſed vortices in a manner fit to break 


them. All this is done, as it were in an inſtant, 
| when the iron and flint ſhock each other in a place 
void of air, and the ſpark is then ey viſible 
and does not continue. 

But when we. let off the firelock in the open 
air, the part torn from the iron, by whirling 
ſtrongly, not only meets and ſhakes ſome little 
vortices, but a great many parts of air, which 
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were branched, meet, and conſequently break by 
their motion many more vortices, than the little 
of the iron could by itſelf, So that the ſub- 
tile matter of theſe vortices, coming to encompals 
the fire and the air, it gives them a Tifficient num- 
ber of different motions, to repel the other vor- 
tices ſtrongly. Thus the ſparks muſt be much 
brighter in the air than in vacuo: they mult alſo 
continue longer, and have force enough to ſet 
fire to the gun-powder. And this powder cannot 
want ſubtile matter to ſer it on fire, what quantity 
of x ſoever there is, ſince it is not only the 
matter of the firſt element, as M. Deſcartes be- 
lieved, but much more that of the ſecond, or of 
the ſmall broken vortices, that produces the ex- 
traordinary motion of the fire in the mines. If we 


reflect upon what happens to the fire, when a 


great deal of air is driven againſt it, we ſhall not 
queſtion but that che parts of air are very fit to 
break a great many of the vortices of the ſecond 
element, and conſequently to determine the ſub- 
tile matter ro communicate a part of its motion to 
the fire. For it is only from this matter, that 
the fire can draw its force or its motion; ſince it 
ts certain, that a body cannot move but by the 
action of thoſe which encompaſs or ſhock it. The 
prodigious effects of the great burning mirrours 
fufficiently prove, that the ſubtile matter is the 
true cauſe of fire. The rays of light croſſing each 
other at the focus of theſe mirrours, the little 
vortices of the ethereal matter of which theſe rays 
are compoſed, muſt change their circular- motion 
different ways, and tend to move themſelves all 
the ſame way, that is, according to the axis of 

the cone of reflected light, and to pierce alſo and 


hake the parts of the body which they meet, and 


to inſlame them. = 1 
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II. A deſcription of a new fort of food- gate, 
uſed in the undertaking of the new navi- 
gation of the Seine, by M. des Billettes ®. 


This gate is quite ſingular, and has no relation 
to any lax has been ſeen in any of the other na- 
vigations, The principal properties of it are: 

I. It ſavesat leaſt a foot of excavation, which 
is known to be a great advantage in this ſort of 
works, bs e 

2. It is of extraordinary ſtrength, and in a 

manner invincible. 2 2 

3. It is not faſtened to the piles, and conſe- 
quently independent on the inconveniences of all 
thoſe that are ſo, 1 

4. A ſingle man can open it with ſo much eaſe 
and quickneſs, that a mariner, when he is within 
a hundred toiſes above or below, need only blow. 
a horn, and he finds it open before he gets to it. 
Thus the navigation is never interrupted, as it 
uſually happens at other gates, where whole hours 

are often loſt whilſt they are opening them. 

5. If there are any repairs to be made, two 
men can get it out of the water in 4 of an hour; 
and as ſoon as it is mended, they replace it in an 
inſtant. | | 

6. There can be no gathering of ſand or other 
things, to hinder the opening of it, but what may 
be taken away in a moment. 

7. Tho? it is very ſimple, and more certain than 

any that has been made till now, it coſts much 

leſs, and is not ſubject to the accidents of other 
conſtructions. | 
It was invented by the late duke of Rauanez. 


> May 2, 1699. 
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| . The 1 | 
We ſhall here only give a geometrical plan of 


this gate, with a profile of one of its arms, with- 


out entering into the explication of thoſe parts, 


which are neceſſary to all ſorts of ſluices. 


Having therefore ſuppoſed the excavation to be 

as it ought, and the two floors above and below 
proper for the emplacement of this gate; whether 
open or ſhut, with all the conditions requiſite to 
hinder the water from paſſing underneath, or da- 


maging the piles of the canal, we ſhall content 


ourſelves with obſerving here, that theſe two 
floors are in a manner made into one, being joined 
by a platform common to both, and making 3 
pat of them. = 

This platform is here repreſented ? * by 4 pricked 3 
lines, and marked A. B. B. A. It! is made of 4 
pieces of crooked wood, placed end to end, and 


making OE: 48 feet i in length, and 18 inches 


in breadth. Its bend is 2 portions of a circle, 
which meet in the middle of the canal at the points 


B. B. the centres of which are about 30 feet be- 


low, and a little without its alinement. This 
canal is here marked b he 2 Parallel pricked. 


lines c. c. c. e 


Into each of theſe two centres is driven a great = 


ſtake 15 or 16 feet long, and 18 or 20 inches 
thick, of which there remains out of the ground 
only the length of about 2 feet 2, rounded into a 


trunnion of 10 inches diameter. Theſe two 
ſtakes are the pivots of the gate, and marked 
P. P. It has ſince been found more proper (in- 
ſtead of making this trunnion out of the thickneſs 


of the wood) to cut the bead of the ſtake quite 3 


Plate II. Fig. z. 


ſmooth, 
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| ſmooth, and place in the centre of it a pin of iron 
about 4 inches in diameter or a little more. 

We ſhall now ſhew in what the gate alone 
conſiſts. 

It has 2 leaves, each of which is compoſed of 
2 great arms and 2 ſmall ones. 

The great arms marked D. D. D. D. are pieces 
of wood, 30 feet long, and 10 or 12 inches 
ſquare, joined and bound together with great 
ferrels and iron pins at the lower end, and ſepa- 
rated at the upper end by a diſtance of 5 or 6 
feet. At a little above the diſtance of a foot from 
the extremity of their union,, they are cut in ſuch 
a manner as to form a round hole, into which the 
trunnions of the pivots enter. At their ſeparated 
ends they are mortiſed into 2 curbs of wood, 12 
or 13 feet long to 7 inches ſquare, marked E E, 
which are arched like the platform, and meet in 
like manner at the points B. B. when the gate is 
ſhut. And on both ſides they are faſtened to the 
curbs by mortiſed binders F. 

At 10 feet from the curbs, the arms are faſ- 
tened by croſs quarters GG; and in like man- 
ner alſo at about 8 or 9 feet from the extremity of 
their lower ends. | | 
At about 6 feet from their lower extremity, 
there ariſe alſo 2 other ſmaller arms of which 
the tenons below enter into the mortiſes H; and 
ſeparating afterwards by a very acute angle, riſe 
at their other end about 4 feet higher, and are 
mortiſed into another curb raiſed parallel above 
the firſt, They are again ſupported by upright 
Poſts, mortifed into the great arms at the places I. 

One of theſe little arms joined to the great one, 
and at once to the upper and lower curbs, may 
be ſeen in the profile mentioned afterwards, 


* 
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As the great arms are faſtened by binders to the 
lower curbs which reſt on the platform, the ſmall 
ones are likewiſe faſtened by like binders, to curbs | 
4 feet higher than theſe, and are likewiſe held, 
by a croſs quarter like that at G. 

Theſe upper and lower curbs are connected 

with upright poſts, and binders mortiſed into each. 
The place of theſe mortiſes may. be ſeen in 12 
places of theſe lower curbs. 
Againſt theſe curbs are faſtened vertically, on 
the fide of their convexity, ſome planks, which 
make a kind of ſection of a portal: and it is 
thereby that the water is kept up on the floors. 
above and below. They are allowed to be 6 or 
7 feet high or more, according as there is water 
to ſuſtain in proportion to the Piles and cham- 
bords of the canal. 

One of theſe planks is marked in the profile, 
at“ ee. 

The two upright poſts, which are at theſextre- = 

mity of each curb, bear at the bottom each of 
them on a roller, or cylinder, 10 inches in dia- 
meter, and 7 long. And it is by theſe 4 rollers 
that the gate turns upon the platform : one of 
theſe rollers is in the profile marked j. | 

At the bottom of the planks in he fore part, or 
above the ſtream, there are little boards applied 
reſting on the cbant, and faſtened by hinges, ſo 

that they play like the lid of a box againſt the 
tringle of wood raiſed and nailed along t 5 
bend of the platform. So that by this means the 
water cannot enter under the gate by the intervals 
of the rollers; and yet ow any weeds, ſand, 
wood, or other ſubſtances ſtop before or above 
cheſe boards, they are let under the gue in a mo- 


* Fig. 4 


Ment, 


e whole 
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ment, by raiſing theſe little boards with a chain 
or hook. 

To open and ſnut the gate eaſi ly, there is placed 
on each ſide a vertical windlaſs, or capſtan, near 
the edge of the canal, About this windlaſs is an 
iron chain, the two ends of which are faſtened 
near each other on the curb above, after having 
made a turn on a roller or pully faftened to the 
pile; and by this means one man alone turning 
the capſtan, by a lever, one way opens the gate, 
and the other way ſhuts it in a very little time. 

Each leaf of the gate, when it is open, places 
itſelf in an excavation as low as the floors, repre- 
ſented by the triangles of pricked lines * A. K. L. 
This emplacement i is called the ang, or pond, 
becauſe the water has no courſe. 

To keep the boats from ftriking againſt the 
pivots, there are two ftakes Q. Q. placed before 
them, which are called ee de garde, or pieux | 
de defenſe ; that is, guarding ſtakes. | 

This gate may be made fimple, and has ſome- 
times been made ſo; that is, of one leaf only. 
which bars the whole breadth of the canal. It 
has only 2 great arms at the extremities, that is, 
to right and left, and two others ſhorter between 
them, butting only on a croſs quarter which holds 
the firſt; and very little different alſo in its con- 
ſtruction, wherefore it is not neceſſary to ſpeak 
of it here, becauſe the former is much better. 
This ſimple one has but one leaf, which extends 
over the whole breadth of the canal 3 it turns alſo 
on a ſingle pivot, and has need an of one pond 
to place itſelf when it is open. But tho' this ſingle 
pivot muſt ſuſtain the whole effort of the water 
of the canal; whereas the two-leaved gate has 2 
pivots, each of which ſuſtains but half this effort, 

* Fig. 3. 
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yet the ſimple one is however very excellent, and 
may be neceſſary on ſome occaſions, where we 


can have the pond but on ane lice, TT 


An explanation of the profile of one of the Neves, 
which muſt be imagined to be elevated on the 
See! Plan of the others, | 


244 D DIR is the aſſemblage of the great 
tag little arm, with one of the upright poſts of 
the gate, which is marked R. 

H is the place of the mortiſe marked i in the 
plan of the gate: I one of the upright poſts 
which holds the upper and lower arms together. 
Pe is one of the great ſtakes ſaying for pivots 

to the gate: T is the trunnion. 

M is, a brace of 2 large pieces joined together 
to hold the trunnion. 

N is one of the ſtakes whi ch hold the brace in 
notches, and ſerve together with the brace to 
make the pivot ſtronger. againſt the orce of the 
water ſuſtained. by the gate. 

J 1s one of = 4 rollers. They are faſtened to 
the bottom of the = ll ports by blocks and 
3 gudgeons. =, ot : L 

ee is one of the planks which form the leaf of 
the Sate. iP 


III. 2 "BY of ſome * effetts 
hieb happen to mor glaſſes, ſuch as look- 
ing-glaſſes, by M. de la Hire, at the ob. 
Jervatory. | | 


Wben we look at an \ object thro' a plain glaſs, 
that is well poliſhed on both ſides, as a looking- 
glaſs, we do not perceive that it is multiplied ſe- 
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veral times: but if it is in darkneſs, and the ob- 
ject is a luminous body as a candle, we may ſee 
it multiplied at leaſt 4 times; and the multiplied 

object appears ſo much the more diſtinctly, as the 
glaſs is more oblique to the line drawn from the 
eye to the object. e 
This repetition of the object ſeems ſometimes 
on one ſide and ſometimes on the other of the 
luminous body, and theſe appearances diminiſh a 
little in vivacity, in proportion as they are far- 
ther diſtant; and at laſt they become ſo weak as 
to be no longer perceived. But there is an oblique 
poſition of the glaſs in which the candle does not 
ſeem multiplied; and there are ſome glaſſes alſo, 
thro! which we cannot ſee any multiplication of 
the object, tho? it is very much inclined. - 
I firſt obſerve, that this appearance is ſenſible 
only when the glaſs, tho* plain, is unequal in 
thickneſs. And as looking-glaſſes generally have 
their ſurfaces undulated, which conſes from the 
manner of poliſhing them, for they are generally 
_ well wrought and ſmoothed, by rubbing them a- 
gainſt one another; which ſhews the object mu 
tiplied in ſome poſitions of the glaſs, ſometimes 
on one ſide, ſometimes on another, and in ſome 
poſitions there does not appear a ſenſible, if any, 
multiplication, | 2 „ 
I ſay now, that the moſt diſtin& multiplication 
of the luminous object is made in the line, which 
is the ſection or meeting of a plane, which paſ- 
ſing thro? the eye and thro the object, is perpen- 
dicular to both the ſurfaces of the glaſs together, 
and that this multiplication is made by the diffe- 
rent reflections of the light within the glaſs, and 
by the refractions in coming in and going out, as 
I ſhall demonſtrate. | | ; 1 | 
. Ts 
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In the firſt place, it is eaſily known, that the 
luminous rays cannot make ſeveral turns and re- 
earns both within and without the glafs, unlefs it 
be in plain furfaces, perpendicular to each ſurface 
of the glaſs, and which paſs thro? the ray within 
the glais, ſeeing all theſe turns, both in reflection 
and refraction, : are always in a plane which paſſes 
thro* the perpendicular to the ſurface, which 
makes the reflection or refraction ; and fince there 
are two furfaces, there will be alſo. two perpendicu- 


lars; and if theſe perpendiculars are in the fame _ 


Plane, all the rays, both refracted and reflected, 

will be in the ſame plane, and they will make 
angles with each other more obtuſe, than if they 
were on different planes, and inclined to each 


other; which muſt be underſtood only of the 


rays, which coming from the _— may meet 
the eye. 

I fay now, that if the glafs was all over of 
equal thickneſs, or if the fection of its ſurfaces 
was two lines parallel to each other on a plane per- 
pendicular to the glaſs which paſſes thro? the eye 
and the luminous "object, this object could not 

appear ſenſibly multiplied, provided it was at a 
conſiderable diſtance from the glafs. 

Let * the ſect ion of the glaſs be EM B D, of 
which the 2 lines E M, B D are parallel; jet che 
luminous point be C, and the eye O. It is evi- 
dent, that all the rays, as CA, which coming 
from the object C, meet on the ſurface of the glaſs 


EM, are refracted and turn as at A B, as they 
approach the perpendicular within the olaſs, ac- 


cording to the rules of refraction, and come out 
afterwards at BO; in ſuch a manner that the an- 
gle of incidence C A E is equal to that of the 
exit D B O, ſeeing the refracted angle EA B is 


Plate III. Fig. 1. 
equal 
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equal to D B A, becauſe of the parallel ſurfaces. 
Thus the eye being at O, will ſee the luminous 
point C, by the ray O B parallel to -A. 
If the ſurfaces are not parallel, but the ſection 
EM, GD is two parallel lines, it will be almoſt 
the ſame thing, ſceing the whole difference will 
lie only in the reflected rays, which will not be on 
one ſurface, by which this demonſtration is not 
affefted. _ „ 222 
But for the ſame reaſon, if another ray C F, 
which may be conſidered as parallel to CA, if the 
point C is at a conſiderable diſtance from the 
glaſs, tho* the ſpace A F is large enough, falls on 
che part A E of the ſurface B. M of the glaſs, it 
will have its refracted ray FG within the glaſs, 
which will alſo be parallel to A B; and that as 
G H which ſhall go out of the glaſs, being alſo 
parallel to B O, will not be able to enter the eye 
O, unleſs it is very near to BO, which I do not 
ſuppoſe here. It would be the ſame with another 
ray, which ſhould meet the ſurface of the glaſs on 
the other ſide of A towards M. But if one part 
of the ray FG is reflected at I by the laws of ca- 
roptricks, and if another part of the ſame ray G1 
is reflected at I K, which will alſo be parallel to 
AgB, becauſe of the parallel ſurfaces EM, BD, 
goes out of the glaſs at K, being refracted at KL, 
it is as evident, that this ray KL. will either meet 
the eye at O, or not at all; and if it does meet 
it, it will not make a different image from that 
of the ray BO, ſeeing it enters the pupil with the 
ſame direction as BO, wherefore in this caſe the 
object will not appear multiplied. But if we ſup- 
poſe, that C F makes the angle CF E much more 
obtuſe than the angle C A E, then it may be that 
the ray K L, which will alſo make the angle 
DKL equal to C FE, will meet the eye in O, 
| Þ 8 under 
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under another direction than BO; which will 
form an image of the luminous point, different 
from that made by the ray BO. 

But this ſecond image formed by K 5 will be 
a little weak, becauſe the greateſt part of the rays 

will be loſt in coming out of the glaſs at G and 
„ 
It muſt be obſerved, chat if the glaſs is not 

very thick, or the object not far enough off, the 
ray K L. will be very near BO, and conſequently 
the image formed by K L will be ſo much the 
more eafily confounded, as it is more weak, with 
that which is formed by BO; and that ſo the ob- 
ject will not appear ſenſibly multiplied. 5 

It 1s not neceſſary to demonſtrate that the ray, 
which coming from the point C would fall upon 
the part A M of the ſurface of the glaſs, would 
make a more obtuſe angle than CA M, and could 
never meet the eye after one or more reflections, 
ſeeing it would always ſeparate more and more 
from BO. 

Now * if the glaſs is ſuppoſed to be of un- 
equal thickneſs, and to be thicker towards the 


object C than towards the eye ©; r. The 


ray CABO, which will come to the eye after two 
refractions, will come to the line BO, which be- 


ing prolonged will meet the incident ray CA; 


for the ray A B refracted within the glaſs, being 
more perpendicular on B D than A M, the ray 
alſo O B will make with A B a more obtuſe an- 
gle than C A with the ſame A B, wherefore OB 


being prolonged will meet CA towards the object 


C. And if the bigneſs of the glaſs does not 


hinder the rays immediately from the object C to- | 


"wards the eye O, we ſhall ſee the object C ſim- 


* Fig 2. 
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ply out of the glaſs, and on the ſide the object 
thro? the glaſs by the ray OB, 
2. There will be other rays as CR, which 
coming from the object C, after | tefraftion 
RN and two reflections NM; MP, and a fe- 
fraction Þ O, may cone to the eye O. For ſif- 
poſing C R as parallel to CA, RN will be alſo 
parallel ro A B. But the ſurface B D being able 
to mitt the ſurface A M in D, the ray N M will 

be more perpendicular to the ſurface A M than 
the ray N R; which does not merit demonſtra- 
tion; and the tay M P making the angle PM D 
equal to the angle NM A, the angle MPD will 
be leſs obtuſe than the angle RN 145 ABD: 
wherefore tlie refracted ray PO making the ar- 
ple D P O greater than the angle DB O, it may 
meet B O at the point O, which is the eye. 
We ſhall find alſo other incident tays at & R, 
which meeting the ſurface A D beyond R towards 
D and after two refractions both in coming in and 
going out, and 4 or 6 or 8 reflections within the 
glaſs, may fall on the ſame point O, which will 
ſhew the object as many times multiplied as there 
are different rays, which come to the eye O. And 
theſe rays will come to the eye in the ſame man- 
ner as if the luminous object was placed in the 
rays OP, prolonged to a diſtance from the point 
© equal to tlie ſum of all the rays O P, PN, MN, 
NR, RC; for they will enter the eye with the 
fame direction, as if they came effectively from a 
point placed at this diſtance. | 


It is known by what I have juſt demonſtrated 
that the laſt images of the object, which are thoſe 
mhat come to the eye after a greater number of re- 
flections, and confequently after a longer way, 
Will appear ſmaller than thoſe which are nearet 
the firſt O B, becauſe coming ag it were from a 
You. EF. 2. = greater 
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greater diſtance, the rays enter the eye more pas 
rallel to each other, which makes the object ſeem 
farther off; and the faintneſs of the image of the 
objects moſt diſtant from O B, contributes alſo 


very much to make them appear ſmaller, 
It is eaſy to ſee; that the rays which come to 


the eye, after a greater number of reflections 


within the glaſs, muſt appear much fainter than 
thoſe which come thither after a leſs number: 
ſeeing at each meeting which the ray makes with 
one of the inner ſurfaces, the greateſt part of the 
rays comes out of the glaſs; and as very few are 


reflected, ſo the laſt that come out and make only 
_ art of thoſe which are reflected, muſt be very 


faint : it is for this reaſon alſo, that if the body 
was not luminous, and if it was not in the dark, 
we.ſhould not perceive any multiplication. 

Ir muſt now be demonſtrated, why there ap- 
pears a greater diſtance between each multiplied 
object, when the glaſs is more oblique to the ray 
which goes from the object to the eye, than when 
it is leſs oblique. 

Let * there be the ray CABO, which meets the 
eye in O after two refractions, one in coming in, 
and the other in going out of the glaſs; and ano- 
ther ray CRN MP O, which comes alſo to the 
eye in O after two refractions and two reflect ions 
in the glaſs. Let there be alſo another ray K, 
of another luminous point K, more inclined to the 
glaſs than CA, and paſſing thro Ke Be, and ano- 
ther Ke Nuhr, which coming alſo from K after 
two refractions and two reflections, meets B in « 
where the eye would be; I ſay, that the angle Br 


is greater than the angle BOP, and conſequently 


the two images which come to the eye by the rays 


OB, OP, and their ang will W leſs ſe- 


4 Fig 3. 
parated 
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parated from each other, than thoſe which ſhall 
formed by the rays „B, or. 

The ray B in the glaſs makes with AB the 
the angle BA, ſmaller, than the angle BO formed 
by the ſame refracted rays in coming out of the 
glaſs, which is known by dioptricks; for thejrays 
as BO which are the refracted of the incidents 
AB, approaching much quicker to the ſurface of 
the olaſs BD, than the incidents in the ſame glaſs 
do to the ame ſurface HB. But the line N be- 
ing as a parallel to B, becauſe we ſuppoſe the 
rays Kz, Ke as parallels, it follows that the an- 
gle ;NR will be cue to the angle MN; and 
conſequently the difference of the angles DMP, 
Dux will be alſo equal to the angle BA. 

But the rays MP, «7, being more perpendicu- 
lar to the ſurface BD than AB and eB, the re- 
fracted rays PO and 7» will make between them 

a ſmaller angle that OB-, and if we draw +I pa- 

rallel to PO, the angle Ive will be equal to that 
| which is contained by the rays PO and , which 
will be ſmaller than the angle OB; which 1 is 
plain from the reaſon juſt given. 

Now becauſe the external angles are equal to 
the two internal oppoſite ones in the triangles, 
the angle Dre minus the angle DBꝰ will be equal 
to the angle 7-B; and the angle DPO minus the 
angle DBO will be equal to the angle POB : but 
the difference between the angle D 7» and DPO, 
or its equal DI, which is the angle I» was de- 
monſtrated above to be ſmaller than the angle 
OB: wherefore if from the angle DT» we take 
away the angle DB-; and if from the ſame angle 

Does plus the angle I, we take away the angle 
DB, and the «BO, which is greater than «71, as 
has been demonſtrated, it follows that the firſt re- 
mainder is greater than the ſecond, ſeeing in the 
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ſecond there is more taken away than added; bit 
the firſt remainder is equal to the angle ve, and 


the ſecond equal to POB; therefore the angle rg 
is greater than the angle POB, Q. E. D. 


It will be the ſame with the other angles made 
as vB by incident rays which will fall towards D. 

Experience confirms what I have juſt demon- 
firated of the images which appear by the rays 
OB, OP, OQ, Sc. which are formed by the 
incident rays CA, CR, CS, and thoſe which are 
of the ſame ordinance, or which coming from the 
ſame point of the luminous object, can enter the 


pupil: for if a paper is applied to the ſurface of 
the glaſs AD, and it is drawn forward from N 


towards A, when the 3 ſhall cover the place 


S of the incident ray the luminous i image in 
Q will diſappear. Afterwards when it is come 


to R. the light in P will diſappear in its turn, 


and fo on. And it will be obſerved, that no re- 


gard is to be had to the image of the paper, which 
is ſeen doubled becauſe of the refraction, which 
is not ſeen out of the darkneſs; but it is a parti- 
cular caſe which I ſhall explain afterwards. 

The diſtances between the images BPQ appear 
almoſt equal among themſelves ; for theſe images 


are formed by reflected rays, which ſurpaſs one 


another by a ſeries of two, and the incident rays 
CA, CR, CS, which form them, are very near 
to each other: bur this appearance can only be 
when the ſurfaces of the glaſs are almoſt planes; 
for if one or both of them a are curves, the diſtances 
berween the images will appear very unequal ; 
which is eaſy to know by the diſpoſition of the 
rays which can come to the eye. 

I have already demonſtrated, that the i images 


appear more faint in proportion as they are far- 


ther removed from thoſe which are neareſt the lu- 


minous 
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minous object, by the quantity of rays which 
eſcape out of the glaſs ; and I have ſaid alſo, that 
they appear ſmaller, becauſe they come to the 
eye as ik they were farther off: but I demonſtrate 
at preſent, that they appear larger in proportion 
as they are farther ſeparated from the Juminous 
object, which muſt always be underſtood of the 
images multiplied in the plane, which paſſing 
thro! the object and thro! the eye is perpendicular 
to the two ſurfaces of the glaſs. 

We ſhall explain this phenomenon, as we did 
the preceding. For the rays, which come to the 
eye“ O from the two points CK, which are on 
the two ſides of the luminous body, after two re- 
fractions only, are more inclined to the ſurface of 
the glaſs which is turned towards the eye, than 
thoſe which come thither after two refractions and 
two reflections within the glaſs ; which appears 
by the figure, and by what has been already de- 
monſtrated. But ſince the rays more inclined to 
the ſurface BD make angles much more acute in 
proportion, as they approach to the ſurface of the 
glaſs, than thoſe of inclination are, becauſe the 
refractions follow the proportion of the fines of 
the angles of inclination ; it follows that the rays 
OB, O3 will make an angle BO3 much more 
acute in proportion than the rays OP, Or, which 
comprehend the angle POTT. For the ray O3 
muſt be more inclined with regard to its incident 
ray, than the ray OT with regard to its incident: 
thus the angle BO3 will be more acute in propor- 
tion to the length of the ray which goes to the 
object by the point B, and by its turns within the 
glaſs, than the angle POr in proportion to the 
length of the ray which goes to the object by the 

ray OP and by all its turns. Therefore, laſtly, 
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62 The HisToRY and MEMoins of the 
the image repreſented to the eye by the angle POr, 


will appear larger than that which is repreſented by 


the angle BO, in proportion to the height of 
theſe images. For the height of the image of 
the body, which I have ſuppoſed to be a candle, 
muſt diminiſh only in proportion to the ways 
which the rays take both within and without the 
glafs to come to the eye, ſeeing the ſection of the 
glaſs, which determines the greateſt inclination of 
its furfaces, is ſuppoſed horizontal. | 

It muſt be obſerved, that in all which is here 
explained of the rays that come from the points 
of an obje as CK, I ſpeak only of the principal 


_ rays; tho? we mult always conceive an ordinance 


of the rays of theſe ſame points which come all to 
the eye to enter the aperture of the pupil, which 
make a fort of cones or pencils as ſome call them, 
which aſſemble on the retina to make the pic- 
ture of the object; for it is demonſtrated in diop- 
tricks, that the point, where they aſſemble after 
their refractions in the eye, is always upon one of 
theſe rays called the principal. 

* As for the paper which hides the multiplied 
1mages as faſt as it advances, as I have faid before, 


it is certain that we could not ſee its edge MN 


multiplied, if it was not the luminous body that 
makes it appear. For if the paper MN begins to 
hide the incident rays VT, which ſnew the breadth 
of the image D of the candle, the edge of the pa- 
per, which will appear at OP will hide alſo a 
part of this image; but if the ſame edge of the 
paper MN hides the greateſt part of the rays SR, 
which ſhew the image Q, it is evident that only 
a ſmall part of this image will be ſeen as at Q. 
where we may perceive the image of the edge of 


Fig. 5. | 
the 
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the paper that hides it, which one could not per- 
ceive without the light which appears at 3 

1 am now to demonſtrate how the multiplica 
tion of the object is made, when the angle of 
the ſection of the glaſs is turned towards the lu- 
minous object; but after what has been ſaid a- 
bove, the fgure may be ſufficient to n what 
ought to happen. 

Let * the ſection of the glaſs therefore be 
EDB, of which let the concurrence of the ſur- 
faces in D be turned towards the N C, and 
let the eye be placed oppoſite towards O. Firſt 
et the incident ray be CA, which being refracted 
in the glaſs at AB, in going into it, and refrated 
again at BO in coming out of it, comes to the 
eye O; I ſay, that if the glaſs ſhould be cut in 
B, and the part BD taken away, we could nut 
then ſee the object C. 

For the ray "AB within the glaſs, being more 
inclined on the ſurface DB 1 — on DAE, che 
angle ABO will be leſs obtuſe than the angle 
BAC; wherefore the ray CA will concur wah 
the ray OB towards O, and conſequently there 
can be no direct ray which comes from the object 
C to the eye O. 

But it is as evident, that all the rays which com- 
ing from the luminous object C, and meeting the 
ſurface of the glaſs towards E, can never come to 
the eye, which we ſuppoſe placed in the ray BO, 
after two or more refle&ions in the glaſs, ſeeing 
they will be always more and more inclined to 
the ſurface DB, and conſequently they will come out 
of the glaſs in parting from the ray BO. The rays 
therefore which fall upon AD towards the con- 
currence of the ſurfaces of the W will be 


® Fig. 6. "i 
1 thoſe 
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thoſe which make the multiplication of tlie ob. 


For in the ſecond place, let the incident ray be 
GR, which coming from the luminous object C 
as parallel to CA, meets the ſurface DA in R, 
the refracted ray RN will therefore be alſo as 
parallel to the refradted ray AB; but the refleted 
ray NM will be more inclined to the ſurface DA 
than NR, and placed counter to the quantity of 
the angle P of the two ſurfaces of the glaſs, as 1 
have demonſtrated in the firſt caſe: wherefore the 
reflected ray MP will make the angle EM 
more acute then the angle ERN or its equal 
EAB; therefore the ray MP in coming out of the 
glaſs by PO will make the angle XPO more acute 
than XBO ; and conſequently PO may meet BO 
at the point O, where the eye is in the ray BO. 
It will be the fame thing with the other rays 
which coming alſo from the object, may meet 
the cye after two refractions of 4 or 6 reflections 
within the glais, which it is not worth the while 
to explain more at length. 
If we draw a paper on the ſurface of the glaſs 
from the part E towards A, we ſhall fee that the 
ſtrongeſt image formed by the ray CA will diſap- 
firſt, and the reſt afterwards, as faſt as the 
edge of the paper ſhall advance towards D; and 
we ſhall fee the image alſo of the paper multi- 
plied as in the preceding caſe. For in the ſame 
figure, if the edge of the paper MN covers the 
greateſt part of the ſpace SR, which compre- 
hends the rays which form the image Q. alſo the 
image XY of the edge of the paper will appear to 
hide the greateſt part of the image Q of the Ju- 
minous body. And if the ſame edge of the pa- 
MN in the ſame poſition covers alſo a great 


— 
part of VT, by which the rays enter that form the 
image 


ROYAL ACADEMY of SCIENCES, 65 
image D, we ſhall ſee alſo the edge of the paper 
repreſented in OP, which will cover a part of the 
image P, which is eaſy to underſtand” =» 
By means of this multiplication of the objects, 
we may know the different thickneſſes of a piece 

of looking- glaſs which is uſed in working the great 
teleſcope glaſſes, and in a much more ſure and 
juſt manner, than by all the meaſures that can be 
taken for it. 5 1 | 

But to make this explanation more complete, 
we muſt ſtill examine how the multiplication of 
the object is made, when it is placed on the ſame 
ſide with the eye, with regard to the ſame ſur- 
face of the glaſs. e 

Every body knows, that when we look at a 
candle placed near a looking-glaſs which has been 
tinned, the eye being alſo near the glaſs, we ſee 
the image of the candle multiplied ſeveral times. 


It is very eaſy to ſee the reaſon of it; for the 


anterior ſurface of the glaſs reflects the firſt image, 
and the other ſends back the ſecond, after two 
refractions of the rays in coming in and going out 
of the glaſs, and a reflection on the tin. But 
what is more difficult to be known, 1s the reaſon 
why there appear more than two images. This 
experiment and its explanation ſerve no doubt for 
a proof of what I have already advanced concern- 
ing the luminous rays. which are reflected within 
the glaſs in meeting its ſurfaces, tho? they are not 
tinned. It is eaſy ro ſee, that if the glals is tin- 
ned, all the rays, which ſhall enter the glaſs, can- 
not go out of it, and that they muſt all be reflect- 
ed, and conſequently the image which ſhall be 
formed by this reflection and after two refractions, 
will be much more vivid than that which is made 
by the reflection alone on the anterior ſurface, be- 
cauſe in this the greateſt part of the rays having 

Vor. 1. 1 pene- 
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* penetrated within the glaſs, cannot meet the pupil 
1 of the eye in going out, if the reflected only have 
J met it, and eſpecially if the glaſs has a little thick- 
i neſs. But as the ſame thing happens to a glaſs 
i _ which is not tinned, as to one that is, and as ſome 
it! particular obſervations may be made on that 
7 which is not, that are not found in that which is, 
I ſhall here explain only what happens to a glaſs 
which is not tinned, dt. | 
As the different images of the ſame object may 
be formed by rays which have different inclina- 
tions to the eye, theſe rays muſt neceſſarily come 
from different parts of the ſurface of the glaſs, 
which cannot be without the firſt incident rays of 
one point being different from each other, we 
ſuppoſe the ſurfaces of the glaſs to be planes, 
and parallel to one another; and theſe different 
inclinations of the rays cannot meet the pupil, 
which is as a point, till after ſeveral reflect ions 
within the glaſs. But if theſe rays which come 
out of the glaſs, are, as it were, parallel to each 
| other, which happens when the object is far enough 
UE from the eye, and the glaſs is of equal thickneſs, 
$ or when they are on the ſame plane, which be- 
ing equally inclined on each fide to the ſurfaces of 
the glaſs, and paſſing thro? the eye and the ob- 
jet, makes parallel ſections, it is evident, as I 
have already demonſtrated, that the rays of the 
fame point having ſuffered ſeveral reflections 
within the glaſs, cannot meet the eye; there will 
then in this caſe be only one irnage formed by 
theſe ſorts of rays. Bur if in the fame caſe of 
parallel ſurfaces, the object is near the eye and 
the glaſs, there may fall on the ſurface of the 
glaſs ſome rays from one and the ſame point of 
the object differently inclined to form ſeveral 
images, as is ſhewn by experience. 
r | If 


— — — 
1 


Ro vYAL ACADEMY of SCIENCES, 67 

If the glaſs i is of unequal thickneſs, and the 
right lines which are the ſection of the glaſs by a 
plane perpendicular to its ſurfaces paſſing” thro? the 
eye and the object, concur on both ſides, we 
ſhall ſee ſeveral images of the object, at leaft if it 
is luminous, and in the night ; fince at whatſoever 
diſtance from the eye the object is placed, there 
will be found ſeveral rays which coming as pa- 
rallels from the ſame point of the object, and 
having ſuffered ſeveral reflections within the glaſs, 
will come out of it with different inclinations, 
which will form different images, Which has no 
need to be explained after what [ have ſaid already; 
and theſe images will be found ſometimes on one 
{ide, ſometimes on the other, with regard' to that - 
which 1s made by one ſingle reflection, according 
as the angle of inclination of the glaſs ſhall be 
either towards the eye or towards the object. 

We may alſo by this means know with a very 
great exactneſs, whether the glaſſes poliſhed on 
both ſides are of the ſame thickneſs, tho* in a 
very ſmall ſpace ; which it would not be poſſible 
to obſerve any other way. For if we obſerve on 
the ſurface of a glaſs the image of a bright line 
in the dark, or of a black line in the light, and 
if it is at a pretty conſiderable diftance, and if 
the eye and the object are on the fame fide of the 
ſurface, and alſo if in turning the piece of glaſs 
difterent ways, we ſee this image only ſingle, in 
one ſingle poſition, we may be ſure that the piece 
of glaſs is of equal thickneſs according to the 
diſpoſition of the bright or dark line, and that it 
is of unequal thickneſs every other way, the 
greateſt angle of which will be in the ſection, 
which ſhall cut the image of this line perpendi- 
cularly. Alfo in every other poſition of the 
_ glaſs but that where the image of the line is langle, 

1 it 
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it will be ſeen double; and they will appear far- 


ther diſtant from each other, when they ſhall cut 
at right angles the poſition. Where it 1 


ſingle. 


It will alſo be obſerved, that one of the two 
images of the line appears much more vivid than 
the other, and that it is this which is made by re- 
flection, becauſe there are more rays that come to 


the eye. 


It will not therefore be difficult to know by 
this means, what place of the glaſs will be the 
thickeſt. For if the fainteſt image appears to- 
wards the object, I ſay, that the part of the glaſs 


which is turned towards the object is the thinneſt; 
and if the fainteſt image is towards the eye, that 
part of the glaſs will alſo be the thinneſt. 


For if the object is B, and the eye O, and 
a luminous ray BD meeting the ſurface of che 
glaſs HE in P is reflected towards the eye at O, 
it is eaſy to ſee, that if another incident ray com- 


ing alſo from the point B, and as it were parallel 


to BD, meeting the ſurface of the glaſs in F, is 
on either ſide of D, and penetrating on the inſide 
to K, meets the other ſurface KI, which concurs 
towards the firſt in M, on the ſide of the object, 

the greateſt part of this refracted ray FK will go 
out of the glaſs; and a very ſmall part only being 
reflected i in K, will return towards the ſurface HE 
in H, or being refracted in HL, it can never meet 
the eye in O. For the ray KH, being more in- 
clined to the ſurface HE than the ray KF, alſo 
the ray HL will be more inclined to the ſame 
ſurface than the incident ray FB; and conſe- 


quently this ray HL, which parts more and more 


from the ray DO, can never meet the _ O, 
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if the point H is farther from the top of the angle 
M than the point D. bs | 

It will not be the ſame with another ray as BE, 
which having ſuffered a refraction in E, a reflec- 
tion in I, and a ſecond refraction in G, comes 
out at the point G between D and M; for this 
ray refracted in G may meet the eye in O, becauſe 
the inclination HGO is always greater than BEM, 
or BDM, or OD H, as has juſt been demon- 
ſtrated; wherefore the fainteſt image which is 
formed by the ray OG, which has ſuffered two 
refractions and one reflection, will appear in G 
towards the part M, which is the thinneſt of the 

laſs. 
i The demonſtration will be the ſame, if the 
thinneſt part of the glaſs is turned towards the eye. 


IV. A commodious way of ſubſtituting the 
action of fire, inſtead of the force of men 
and horſes to move machines, by M. Amon- 
tons *. „„ 


Experiment I. Of tbe rarefadtion | of the air by 
| the heat of boiling water. 


We immerged in a kettle full of water, the 
balls of three glaſs tubes ACD, ACD, ACD, of 
equal length, each open at A, bent at C, and 
ending in a ball D; the capacities of the balls 
were to each other as the numbers 1, 2, 3, as 
well as thoſe of the tubes AB, which beſides were 
Pretty narrow, the mean one being but half a line 
diameter within; there was in each glaſs ſome 
quick ſilver from the entrance E of the balls up to 
B, where the quickſilver was three inches higher 
than at E, becauſe the air of which the balls were 
jane, . 

| | full, 
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full, having found no out- let when the quickſilver 
was poured in by the apertures A, ſuſtained it by 
its ſpring, and hindered it from going down to 
the level of that of the entrance of the balls. 

The whole was ſet on the fire, and the quick- 
ſilver at B roſe equally in equal times in all the 
three glaſſes; ſo that when the water began to 
fimper, it was 9 inches higher than B, and ꝗ in- 
ches 10 lines, when it boiled out, after which it 


entirely ceaſed to riſe. From this experiment it 
follows: 


1. That the heat of boiling water has bounds 


which it cannot pals. 
2. That unequal maſſes of air increaſe equally 


the force of their ſpring by equal degrees of heat, 


and on the contrary. 


2. That the heat of boiling waterdoes not increaſe 
the force of the ſpring of the air any more than to 
make it ſuſtain the weight of about 10 inches in 
height of quickſilver, or 11 feet 8 inches of wa- 
ter more than the weight of the atmoſphere 2 
For the quantity by which the air diminiſhes its 
ſpring in dilating itſelf to replace the quickſilver 
which riſes from B to F, equals almoſt the two 


lines which are wanting to the 10 inches in this 
| experiment. 


4. That if the air has the liberty of extending 
itſelf, being preſſed only by the weight of the 
atmoſphere, it will not increaſe its bulk by the 
heat of the boiling water by any more than about 
of its mals ; for according to M. Mariotte's ex- 
periments, the air making an equilibrium by its 
ſpring to weights proportioned to the bulks, to 
which theſe weights are reduced by their preſſure, 
and the bulks being to each other in an inverted 


* The weight * water is ſuppoſed to be to that of quickfitver 


as 1 1 14. 


ratio 
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ratio of theſe weights, if the height of the quick- 


filver is ſuppoſed at 41 inches, as indeed it may 
be in this experiment, and if the bulk of air is ex- 
preſſed by the number 3; when the height of the 
quickſilver ſhall be no more than 31 inches, the 
bulk will be 3 35. 
But as the weight of the atmoſphere is here ſup- 
poſed equal to 31 inches of quickſilver, which it 
really is not, this weight being hardly equal to more 
than 28 inches of quickſilver, the fraction o 
to be reckoned as an integer ; becauſe the air 
loſing the force of its ſpring leſs when it is but 
little loaded, than when 1t is more, it muſt not 
augment its bulk ſo much to reduce itſelf from 
the preſſure of 41 inches to that of 31 inches, as 
it muſt in reducing itſelf from the preſſure of 38 
inches to that of 28 inches. | 

5. That if the air, being rarified by the heat of 
the boiling water, has not the liberty of augment- 
ing its bulk ſo far as to be + bigger, the force of 
its ſpring will always be equivalent to a greater 
weight than that of the atmoſphere, and this 
weight will always be to that of the atmoſphere 
in an inverted ratio to that of the bulks; and if 
the bulk of this air is expreſſed, for example, by 
the number 7, and the height of the quickſilver 
which reſiſts the force of its ſpring is 41 inches; 
when this bulk ſhall be augmented by +, that is, 
ſhall be expreſſed by the number 8, che force of 
the ſpring of the air will be equivalent to 352 
of quickſilver, and what it has loft will be equi- 
valent only to 5 inches + of quickſilver, or 5 feet 
11 inches 4 of water, and only 5 feet 6 inches, 
6 lines, the calculation being made upon 38 in- 
ches, inſtead of 41 inches. 


Experiment 
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Experiment II. 

Another time the thermometer being almoſt at 
temperate; we immerged in cold water the balls 
of the 3 tubes of the preceding experiment, and 
the quickſilver fell but to about a line below B, 


in the glaſs which had the biggeſt ball, to two 


lines in the next, and to three in the leaſt ; after 
which it left falling entirely in all the three glaſſes ; 
they were afterwards taken out of the water, and 
the quickſilver continued to fall about a line in 
the glaſs with the ſmalleſt ball, two lines in the 
next, and about three lines in the glaſs with the 
biggeſt ball; ſo that the quickſilver remained for 
a time in all the three glaſſes about 4 lines lower 
than B, and roſe again by degrees as faſt as the 
balls dried. 

This experiment being conformable to ano- 
ther which I made 12 years ago in Auguſt, when 
the heats are very great, with the zymoſimeter; ; 
the ball of which was immerged in cold water, 
and yet the air did not diminiſh any more the 
force of its ſpring, it follows : 

1. That theair immerged in the water dimi- 
niſhes the force of its ſpring only in ſuſtaining bur 
one line in height of quickſilver leſs than the at- 


moſphere. 
2. That the air diminiſhes its ſpring by the 


coldneſs of the water in proportion to its bulk; 


but that the greateſt loſe leſs than the ſmalleſt. 
3. That the water, which is ready to cvapo- 


rate, diminiſhes the force of the ſpring of the air 


more than when it is in a ſufficient quantity to 
encompals it on all ſides, which is confirmed by 
this other experiment of the zymoſimeter : for 
having immerged the ball in the ſpirit of wine, 


the ſpring of the air diminiſhed and ſuſtained 
the 
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tlie weight of 4 ounces in height of water lefs than 
the weight of the atmoſphere ; being withdrawn 
from the ſpirit of wine, it ſtill diminifhed ſo as 
to ſuſtain 5 inches of water leſs, which made in 


all ꝙ inches of water Jeſs than the weight of the 


atmoſphere ; being put again into the ſpirit of 
wine, the ſpring of the air increafed the 5 inches: 
which it had loft out of it; and being put again 
out of the ſpitit of wine, it loſt the 5 inches again. 
This experiment was made at the ſame time of 


the year with that mentioned above, that is; during 


the heats of ſummer. - | = 
4. That this fecond dimintition of the force of 


the ſpting of the alf is made alſo in proportion 
to its bulk; and that it is greater in the biggeſt, 
and ſmaller in the ſeat, | EM 


a BL 
We caufed a cube to be conſtfucted of tin * 
ABCD, exactly cloſe on all ſides, and divided 
equally into two, by the feparation EF ; the lower 
part EBCF has no communication with the upper 
AEFD ; but by the tube GH, incloſed in a big- 
ger IL, ſhut at L, and ſtopped and ſoldered at I, 


to the upper part of the cube, MN is another 


tube, which penetrates into the upper part, and 


reaches near the bottom EF, and is ſoldered to 


this part in O, and ſtopped and foldered by its 
extremity N to a little bucket or reſervoir P; 
there is alſo towards A, a little cock to give air 
to the upper part. This cock being opened, we 


| poured ſome water into the little bucket P, this 
water deſcended by the canal NM, into the up- 


per part of the cube; when this part of it was 
quite full, we ſhut the cock, and immerged for 6 


ſeconds the lower part of the cube in boiling wa- 


Plate IV. Fig 2. „ 
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ter, and a conſiderable part of the water contained | 
in the upper part of the cube being driven by the 
force of the ſpring of the air, roſe with precipi- 


tation into the bucket P. At the end of 6 ſe- 


conds, having taken it out of the boiling water, 
the water of the bucket began to go down again; 
but in the ſpace of 300 ſeconds, it was not yet 
reduced to the ſtate in which it was before. We 
afterwards put this lower part into cold water to 
finiſh the reducing of the air to its firſt bulk, after 


which we put it into boiling water during 6 ſe- 


conds more, and the water roſe again, as before, 
into the bucket P; after which it was immerged 


into cold water, and the air reſumed its former 


bulk in 18 or 20 ſeconds, which was repeated 
ſeveral times; and very near the ſame thing hap- 
pened always, whether this lower part of the cube 
was always kept during 18 or 20 ſeconds in cold 
water, or whether after having been dipped in 
it, it was taken into the air. It follows from this 
experiment : 

1. That the hard bodies which are not very 
thick, as tin, receive very readily the heat of the 
boiling water. 

2. That it is not always the cold gone of the 
medium that deſtroys the action of the heat, ſeeing 
by the preceding experiments, the air and the 
water are of almoſt the ſame temperature. 

3. That theſe thin bodies are three or four times 
as long in loſing in the cold water the heat received 
in the boiling water, as they were in receiving it. 

I call that water cold, which is almoſt of equal 
temperature with the air, 


Experiment IV. 


In the preceding experiment, the tubes NMGH 


were but a foot in height, but afterwards they 
, „ . "Ae 
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were prolonged to eight; and having repeated 
the ſame experiments, they produced the ſame 
effect again, excepting that the water did not riſe 
in altogether ſo large a quantity, which muſt ne- 
ceſſarily happen, becauſe of the greater height or 
load of water, which by its weight oppoſed the 
dilatation of the bulk of air incloſed in the lower 
part of the cube. | 9 r9s 

After this, we put the part BC upon burning 
coals, which made the water rife into the bucket 
P, juſt as the boiling water had done, but it did 
not riſe ſo quickly, becauſe the heat was imme- 
diately applied only to the bottom BC, whereas in 
the boiling water it was immediately applied to 
the four ſides BE, BF, FC, CE, which made to- 
gether a double furface BC. We could not therefore 
well obſerve the time which the water took in 
riſing into the bucket P, becauſe we were not 
careful enough, that the ſolder ſhould not melt, 
which happened at laſt, but the water was then in 
the bucket, at leaſt as high as it had been by the 
effect of the boiling water, and would have riſen 
higher without it. | EE 

It follows from this experiment, that we may, 
by the heat of fire applied immediately to- the 
capacity which incloſes the air, increaſe the force 
of its ſpring much more conſiderably than by 
boiling water, provided what incloſes the air is 
able to reſiſt the action of the fire; and that effect 
of it is fo much more quick, as the action is made 

in a greater extent. | OE 


Experiment V. 4g 
Five men were applied to the motion of a ma- 
chine, who in puſhing by the levers to which. 
| horſes are uſed to be faſtened, employed their 
whole farce to make it move. | 
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Suppoſing the force of each man to be 200 th, | 
the total is 1000 /b, | 

Horſes were afterwards put to work at this 
machine, they laboured for three months; and 
tho? 4 horſes were put to at a time, and they were 
relieved every three hours, and afterwards every 
hour and half, ſo that each horſe laboured but 6 
hours in 24, and went all this time no more than 
about 6 leagues, yet they were not able to ynder- 
go this fatigue, and died under it. 
From this experiment it follows, that to con- 
tinue a like labour night and day, there was need 
of 16 horſes ; and that we cannat reckon that a 


a a horſe ſupplies the place of a continyal power of | 
50 lb. making one league an hour. Eh 


Experiment VI. 


The workmen who poliſh 3 to us ties 
liſhers make uſe of an arrow or bow.of wood, 
pne of 1 the endsof which being rounded reſts upon 
the middle of the poliſher ; and the other, which 


is an iron point, preſſes againſt a ſtrong oaken 


plank reſted upon their work: the ſimplicity of 
this machine cauſes the whole force of the work- 


man to be ſolely employed in diſpatching his 


work. The poliſhers maſt commonly uſed are 
of three bigneſſes, and require three different 
degrees of ſtrength, of which the mean quantity 
is about 25 46. now theſe operators uſually begin 
their work at 5 in the morning, and finiſh it at 7 


in the evening, taking two hours at three times 


for their meals; ſo that in 24 hours they regularly 
work 12, interrupted every 3 hours by their 
meals; the flight of their arrow, or the way that 
their poliſher makes every time they puſh it, or 
draw 1 it back, is uſually a foot and half, and the 
time employed at each flight half a ſecond; but as 

they 
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they ſtop from time to time to look at their work, 

and to bruſh their poliſhers, and beſides as they 
employ ſome time in turning their glaſſes, about 
_ = of the time is to be ſubſtracted from their work, 

10 that out of the 12 hours we can hardly reckon 
above 10, during which their labour is equivalent 
iO the continual elevation of a burthen of 25 1b. 
at 3 feet in a ſecond. | 

"4 follows from this experiment: that to keep 
up a like labour for 24 hours would require two 
men; and therefore that a ſingle man is in lien 
only of a continual weight of 12 4b. 2, making 2 
of a league an hour; that is, about 3 part of che 
labour of a horſe. | 

The following experiments were made with 
poliſhers of different bigneſſes, preſſed by ar- 
| rows of different forces. | 
A poliſher 6 inches in ſurface preſſed by 28 15. 
was drawn by 23 in its fort, that is, when the 
arrow was plumb, or in the middle of its flight, 


and by 20 16. in its feeble. 


The ſame preſſed by 30 1b. was drawn by 2616. 
in its feeble. 

Another poliſher 11 inches in ſurface, preſſed 
by 28 1b. was drawn by 23 16. in its fort, and by 
23 1b. in its feeble. 

Another poliſher 24 inclies/ in ſurface, prefied 
by 28 46. was drawn by 25 46. in its ores” and by 
23 15. in its feeble. 

Ihe fame loaded with 30 16. was drawn by 
28 1b. in its fort, and by 25 46. in its feeble. 
From theſe experiments we may obſerve, by 

the by, that it is an error to think, that the fric- 

tions in machines increaſe or diminiſh in propor- 
tion, as the parts which rub are more or leſs ex- 

tended; and that the wheels, for example of a 

mill turn ſo much the more eaſily as the gudgeons 

2 - are 


78 We HISTORY and MENMOIRS of the 
are ſhorter, which beſides is a faulty conſtruction, 
becauſe they continually eat the boxes, in which 
| they turn. But that theſe frictions augment or 
diminiſh in proportion to the burthens which are 
moved, and to the ratio of the length of the 


levers, "which ſerve to move them, to the length 
of thoſe by which they are lupported. 


Problem. 


Any number of equal weights being given , 
B, G, H, I, L, on the ſemicircumference of a 
vertical wheel, from the plumb line which paſſes 
thro? the centre of the wheel, to find the refiſting 
force, which being applied to the circumference . 
of the wheel, ſhall make an equilibrium to = | 


given weights. 


The ſolution demonſtrated. 


Let the horizontal diameter be AB, becauſe 
of the equal rays AC, CB, an equal weight to B. 
being applied at A, will make an e 
to the weight B. 
Beſides, the weights which hang at the extre- 
mities of a balance being between them, as is 
demonſtrated in the mechanicks, in a reciprocal 
ratio of their diſtance to the point of ſupport, a 
wright which ſhall be at the weight B, as CD, 
equal to the right ſine of the angle GCL, to the 
ray CB, will make an equilibrium to the weight G. 
By the fame reaſon a weight which ſhall be to 
the weight B, as CE to CB, will make an equi- 
librium to the weight H; another weight which 
ſhall be to B, as CF to CB, will make an equz- 
librium to the weight J. and ſo of the reſt in any 
quantity whatſoever ; if the weight L, being in 
the plumb line, has no need of any weight i in A, 
© Place TV. Fig. 3. 
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to make an equilibrium to it. Now as in what- 
ſoever place of the circumference of the wheel the 
reſiſting force is applied, it is always thought to 
act by the direction of a tangent to the extremity 
of a ray equal to AC, it follows, that the reſiſt- 
ing force, or the ſum of the weights which being 
applied at A, make the equilibrium to the given 
weights is to theſe ſame weights as the ſum of 


the right ſines of the angles, by which theſe 


weights are removed from the plumb of the cen- 
tre of the wheel, to the total ſine me by 
the number of the weights. QE. P. 


A deſcription of the commodious. way of making 
uſe of fire to move machines, 


All that is ſaid above being ſuppoſed, if * 
A, B,. G IKE; F, and; I, 2, 3, 4, 3, 6, S. 

are two circular and concentric ranges of cells 

diſpoſed about a horizontal and moveable axis 
G, and exactly cloſed on all ſides, ex 
that-each of the cells A, B, C, D, E, F, &. may 
communicate with each of the cells, 1, 2, 3, 4, 6, 6, 
S. by means of the tubes, Hl, LM, NO, PQ, 
RS, TV, S. and chat the cells I, 2, 3, 4, 35 6, 
have communication with each other by the valves 
7, 8, 9, 10, II, 12, &. which are all placed and 
open the ſame way, ſo that they permit the wa- 
ter to enter out of the firſt into the ſecond cell, 
out of the ſecond into the third, and ſo on to the 
laſt, and again from this laſt to the firſt but 
refuſe it entrance the contrary way. 
If moreover the cells A, B, C, D, E, F, C. 
have no communication directly with one another, 
and 2 of the cells 1, 2, 3, 4, F. have 2 aper- 
tures, as X, T, by which they have been filled 
with water, and theſe apertures have afterwards 


* Plate IV. Fig 4- 
been 
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been cloſed exactly, if the capacity of each of, 
theſe cells, 1, 2, 3, 4, 5, 6, C. is heat + of 
that of the cells A, B. C, D. E, F, &. and if 
the reſiſting force is ſuppoſed to make an equi- 
librium with the water of the eclls, 1, 2; if laſtly 
we apply at BB, the flame coming out of the 
furnace AA, driven by the air which enters by 
the grate of the furnace, and if the bottom of 
the barrel made of the cells ABCDEF, . 

py in the cold water of the reſervoir, S. G. 1 


4% 1. That the air of the cell B, will zecreals its 


ſpring ſufficiently to ſuſtain not only the height of 
K +: water IT, but alſo to make the water paſs out 
1 of the cell 1 into the cell 3, if this height IT 1 18 
15 but near g3 feet. 
11 | 2. That the weight of this water will make 


all this conftruftion turn the way BAF, about 
the centre G, if the reſiſting force is leſs than this 
| 5 | 
3. That as faſt as by the motion ne the 
centre G, the water in Y, aims to deſcend, new 
cells preſent themſclves at BB, and new air aug- 
ments its ſpring to repel it, and ſuſtain it at the 
fufficient height, that its weight may be continually 
ſuperior to the reſiſting, force; during which the 
air that had been dilated reſumes its former bulk, 
as faſt as the cells which contain it, paſs thro? the 
water of the back, &. &. and from thence 
thro* the air, where it ceaſes to reduce itſelf, to 
be anew dilated every time theſe cells return to 
BB ; for by the firit and fourth experiment, the 
air — 4 its ſpring by a quantity equivalent to 
a load of 11 feet 8 inches in height of water: 
Now of theſe 11 feet 8 inches, according to M. 
Mariotte's rule for the preſſure of the air, there 
are but 10 inches and + 1 in the preſſure 
neceſſary 


— 
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neceſſary to make place for the augmentation of 
the bulks of air, dilated by the heat of the fire, 
which added to 5 feet 6 inches +, which this 
augmentation makes the ſpring of the dilated air 


to fole, by Exp. I. Cor. 5. make in all 6 feet, 4 
inches, 10 lines, which being taken from 11 feet, 


s inches, there remain 5; feet, 3 inches, 2 lines 


in height, to which the ſpring of the air dilated 


by a heat equal to that of boiling water can ſuſ⸗ 


tain the water in V. | 
Now by the preceding problem, the refiſting 
force being applied in any place of the circumfe- 
rence, which 3 thro? the middle of the cells 
1, 2, 3, 4, 6, 6, F. is to the weight of this wa- 
ter; almoſt as by to 14; and if this weight is 
12000, this reſiſting force wil be 94285. Nov, 
in allowing 12 feet of diameter to the barrel 
made of the cells 1, 2, 3, 4, 3, 6, C. to a like 
length of 12 feet, and 2 fret of depth taken on 
the ſide of the centre of the wheel, theſe cells 
contain a ſpace of 754 cubical feet # of which 4 
is 1885, which being multiplied by. 70 Ib. weight 
of a cubical foot of water, make 13200 1. But 
as in machines the moving force ought to be ſu- 
perior to the reſiſting force, and as there is al - 
ways ſome friction to ſurmount, the 1200 15. 
muſt be counted for that; ſo that the effect of 
this motion may be reputed 9428+, which would 
be equivalent at .leaſt by Exp. V. to the force 
of 157 horſes, if the reſiſting force made a league 
of way in an hour; but as to do this, the con- 
ſtruction had need to make 400 revolutions in 
an hour, that is, employ but 9 ſeconds in each, 
whereas by Exp. III. it cannot employ leſs than 
36, it follows that this mean would at leaſt be in- 
ſtcad of 39 horſes, or of 234 men, by Exp. VI; 
which ſuppoſes the degree of heat, equal to that 
Vol. I. 1. 3 of 
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of boilin g water, for otherwiſe the effect would 
become ſo much more confiderable, as this de- 


gree of heat would be greater; and the profit in 


making uſe of this ſort of fire-mill, would be fo 
much the more conſiderable, as the price of 
wood would be leſs than that of labour; and be- 
ſides the furnaces might be alſo applied to other 
purpoſes, as vitrifications, founding of metals, 
and other chymical operations, or mechanical 
works, that demand the aſſiſtance of fire. 

I ſhall not enter into a farther detail of the 
oonſtruction of this machine, only I ſhall juft 
mention, that it would be proper to make the 
cells which contain the air of great plates of cop- 
per rivetted and luted; and that all the reft, ex- 


cept the tubes of communication, . be of 


wood. 
The advantages of this way are: 
1. That we can ſtop and reſume the Iden at 

Pleaſure, without being encumber'd with the care 

and feeding of the horſes, and without being 


ſubjected to the danger of loſing them. 


2. That we have always an equal and uninter- 
rupted power, when we pleaſe, which cannot be 
had i in wind-mills and water-mills,' the firſt being 
often ſtopped for want of wind, and the others 
by the ice and inundations of the water. 

3. That we are not confined to any places, 
becauſe combuſtible OE are TN almoſt £1 


ever cry where. 


Tie deſeriptimn of Fig. ted noi th 

The fire at BB dilates the air incloſed/in A, 

and making it paſs thro the canal HI, preſſing 
the ſurface of the water in , makes the valve or 

ſucker 18 cloſe itſelf, and the valves, 7, 8, and 9 


open to let the water riſe _—_— Y, and wks 
2 | 18 
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this ſide, which makes the wheel move on its 
centre G, and the cell B ſucceed the cell A, 
- whilſt this laſt ent ers the water, F. to make the 
air which it contains return to its firſt ſtate. 

And it has been demonſtrated, that in mak ing 
Q 19 of 8 feet, 20, 21 of 12, 22 Lof 18 
and 23, 24 of 30, the whole on a depth of 12 


feet, and that the heat at BB is equal to that of 


boiling water; it will anſwer to 39 horſes. 


v. A deſcription of a level which is uſed by 


M. Couplet, more exact in fut ſecond 
edition.“ 


This level is ech peel of a ecleſebyi AP, 
of 2 veſſels CD, joined together by one or two 
tubes oo, which I call the canal; of 2 other 
veſſels o 5, oc, called callebaſſes, becauſe they 
carry the teleſcope, and float in the water with 
which this canal is filled. The teleſcope i is 2 feet 
8 inches long; its tube ſhould be of tin, tho? the 
reſt is made of copper: in one end A of this tube, 
as in all the other tubes of teleſcopes, the object 
glaſs is placed; and in the other end 3 eye glaſſes 
are placed, if we would have the teleſcope conſiſt 
of 4 lens's. One eye-glafs alone would be ſuffi- 
cient here, becauſe it does not ſignify whether 
the object is inverted or not. The opticians 
uſually put the 3 eye-glaſſes into little ſcrew-boxes, 
which they glue and fit in a tube of paſtboard 
called porte oculaire, and they puſh it into the end 
B of the teleſcope. 

However the teleſcope of the level di fers from 
the others only in having a bar on the inſide, 
which traverſes it diametrically and horizontally. 
h This bar is nothing but a hair ſtretched in' fach 

a place c, that he who looks thro” the teleſcope 
+ ® Fane 27 1900. 4 Plate V. Fig. .,. 

| | * les 


rr ws go I Oe 


ſees it very plainly on che 8 to which he 


or crown of tin 4, the greateſt diameter of e 
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ry 


points it. 
This hair is Wbt in the middle off E ring 


is equal to that of the eye · glaſſes of the teleſcope,” 
that it may be put into a ſcrew-box as each eye 
glafs. On the edge of this crown are made two 
little inciſions, which are covered with ſome drops 
of wax, after having twiſted the ends of the haif. 

But becauſe we muſt ſometimes turn and return 
the porte- oculaire to place the horizontal hair, and 


this turning would divide or unglue the boxes ;; 5 F 


put this porte-oculaire into one end of à tin tube 


6, which I call foureau du parte-ocalairt | and at 


the end of this foureau, J ſolder a ſort of funnel 
which may be ſqueezed to turn the porte-oculaire 
juſt as one will; and I put this foureau, with the 
porte-peylaire i in the end B of the teleſcope. 
It is eaſy to conclude, that the end B of the te- 


| leicope 1 is much heavier than the end A; to coun- 


terbalance this. greater weight, a leaden king is 


ſoldered at the end A. 


At * CD is a ca) ſection of the two veſſels 
CD., .Fheſe veſſels, a little aboye the middle 
of each. of their ſquare faces, have points entering 
within, about a line, and a little ſoftened; the 


water, With which theſe veſſels are filled, has: a 


communication with both of them by two tubes 
4% o, the ends of which are ſoldered above the 


joining of their ſquare parts with their truneated 


pyramidal. parts: one tube might ſuffice, but two 
maintain theſe veſſels better. 
The calebaſſes j| ob, oc, in their cylindrical | 


part, are leſs by three or four lines than each ſide 
of the ſquares CD, that they may float at liberty 
between the points of each of theſe veſſels. Their 


Fig. 3. f Fig 2. Fig. 3. I Fig. 1. 
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| rad to the edge of their lid, (which muſt be a 
very flat dome, without being enough ſo to ſee 
the water reſt upon it) is leſs by about two inches 
than the depth of the veſſels CD : theſe calebaſ- 

ſes muſt be ſo well ſoldered, that not a drop of 
water can get into them; and to be ſure of this 

abſolutely neceſſary condition, they muſt be tinned 
on the inſide before they are covered with their 
domes. 

When they are e covered, . and; is filled with 
water; they are put in; and to make them float 
even, ſome lead muſt be dropꝰd throꝰ a little hole 
in their domes, and then theſe holes muſt he cloſed 
with wax. I have choſen this ſort of ballaſt, 
becauſe notwithſtanding any bruiſe, or other acci- 
dent that might happen to theſe calebaſſes, they 
might be made to float always even by ſhaking 
them, to make the too great quantity of lead on 
one ſide roll to the other, which could not be 
done, if they were charged with any liquor,, It 
they were found from any ſlight cauſes to leave 
floating even, they might be immerged deeper by 

dropping i in more lead. "10 

The tube of the teleſcope AB, which is placed 
on the domes. of the calebaſſes, mult be, as we 
have ſaid, of tin, which 1s much lighter than cop- 
per, to have their greateſt weight below the centre 
of gravity of theſe calebaſſes ; 3 and thereby to ren- 
der them more capable of reſiſting what would 
hinder them from floating even. 

To ſeat the tube of the teleſcope on the domes 
ob, oc of the calebaſſes, you muſt endeavour to 
hold it there for a moment, whilſt you mark the 
place where the hooks are to be ſoldered, as may 
be ſeen under A, B, and better in“ 8. Theſe 
hooks have an opening of about a line, which is 


Fig. 7, 
pro- 
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prolonged to ſome lines near the domes ; and it 
is near the ſoldering of theſe hooks upon the 
domes that the holes are, by which theſe cale- 
baſſes are filled. 

The hooks being ſoldered, the teleſcope beds 
Pur in, its end B being ſet as far diſtant from the 
end of the canal as is neceſſary to put the eye to the 
eye-glaſs of this teleſcope, and having obſerved 
that this poſition of the teleſcope does not hinder 
the calebaſſes from floating even and very freely 
among the four entering points, there are made 
thro? the ſlits of theſe hooks four repairs on the 
tube of the teleſcope 3 on theſe repairs are ſoldered 
wings 7, filed and adjuſted in ſuch a manner, 
that they may enter freely to the very bottom of 

the ſlits of the hooks, and bear the telefcope 
equally to ſome lines above the bottom of theſe , 
hooks. Theſe four wings are formed with > 
ſharp bottom, and the bottom of the four ſlits is 
imoothed with a fine-toothed file: theſe wings 
ſerve to hold the teleſcope in the ſame potion on 
the calebaſſes. 
M is the ſection of a portion of a ſphere taken 


in a trunk of aſh, or other proper wood. Under 


this portion of a ſphere, or in the ſection repre- 
ſented by o, p, 9, the diameter of which ſhould 
not exceed the height of the canal, three branches 


of wrought iron are faſtened together, having at 


each of their ends a hinge and a ſcrew; theſe ſcrews 
P, o, 4, enter into three ſockets at the ends of 
the three ſupporters of the ſphere M. As for the 
other ends, there is no neceſſity that they ſhould 
be ſcrewed. 

This pedeſtal being placed 480 horizontally, 
which is done by moving one of the legs nearer 


or farther off, the ſupport j ESF of the canal is 


Y Fig. 2. f Fig. 6. Fig. 4. 
6 : | to 
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to be placed upon them. It was at &rſt a plank 
about two inches thick, equal in breadth to the 
diameter of the portion of the ſphere M; its plan 
ESF, and its profile * GH K/H ſhew how this 
plank has been finiſhed 5 —— the ſquares 
＋ E, F, or G, H, for the veſſels ** C, D to go 
exactly in, up to o, o. The ſides of theſe ſquares, 
which are at the two ends of the ſupport, are only. 
locked with an iron ring, put about the ends of. 
the ſupport, not ſo much to ſtrengthen theſe ends, 
as to keep the ſupport from being longer than rhe 
canal which it bears. This profile ſhews alſo, 
that this ſupport is rendered flighter, by making; 
in its thickneſs a cavity r, K, t, ſo deep, that 
only the edge r, f, of its. circumference rubs a- 
gainſt the convexity: of the portion of a ſphere FT 
M, that it may not have any more frictions to 
overcome, when the inſtrument ſhall be turued to 
either ſide upon this ſupport; there are other 
parts of this ſupport ſcooped away alſo from ÞG 
to 7, and from t, to H, to give it the better 
Before the three branches of iron o, P, g, are 
faſtened under the portion of a ſphere M, it is 
traverſed by a great iron pin long enough to go 
thro” the thickneſs of the ſupport, and the hole 
K or i S is made larger than is neceſſary for the 
thickneſs of this pin, that the ſupport may be 
drawn to either fide on its pedeſtal r M, to hin- 
der the water, with which the canal is filled, from 
being ſpilt over either of its ſides. itte 
The inſtrument is then prepared in a conve- 
nient place to diſcover ſeveral very diſtant objects; 


* Figs, Ft, lk. ne 
++ Fig.6. f Fig. 5. I Fig. . f Fig. 5. I Fig 4. 
I Fig | 
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but not ſo far off that we cannot well diſtinguiſly 


whether the hair in the teleſeope reſts upon the 


top *g of ſome building, upon the funnel 7 of 
fome chimney, upon ſome crowning of a work 


83; or laſtly, upon ſome elevation well limited 


and diſtinguiſhed ; for whereſoever the hair refts, 
it has always little vibrations, which leave a little 
thread of light between it and the greateft height” 
of the objects to which it is pointed, whereby we may 
judge the better whether the hair exactly reſt up- 
on them. Theſe objects thus choſen are ſo much 
the more neceſſary, as a hair which is but 2 of 
a line in thickneſs covers about a foot of the ob- 


Jeet which is near 3000 toiſes from the obſerver. 


To ſee whether the hair conſtantly touches the 
ſame object, its reſt is interrupted by gently ſhak- 
ing the canal, and obſerving whether it reſumes 
the ſame place; or for a ſtronger proof, the tele 
ſeop is taken out of its hooks and put in again. 

re muſt be taken that there be no wa- 
ter on the domes of the calebaſſes, or any thing. 
that hinders the wings Þ 7 from reſting on the 
bottoms of the hooks ; that the water in the canal 


is high enough, that there may be no. danger of. 


the calebaſſes touching at the bottom, or either 


end of the teleſcope on either edge of the canal. 


If one ſhould ſee, that among ſeveral: obſervas 
tions there was one where the hair did not return 
exactly on the ſame object, one might ſuſpect 
that the difference came from the refractions, 


which differ often and from one moment to another; 


efpecially when it rains, when it is very hot or 
very cold, when the viſual ray, which parts from 


the inſtrument, paſſes from a place where there is 


a he: of to one where there 1 is not. 


M * Fig 8. + Fig . 7 g 
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Tho' che hair ſhould return conſtantly to the ſame 
object, yet we cannot conclude, that this object is 
in a level with the eye of the obſerver; but only 
that the viſual rays * H ꝗ directed by this inſtru 
ment always make equal angles 9 HO, with a 
plumb line HO, which is imagined to deſcend 
from the eye of the obſerver to the centre of the 
earth. i 
With this inſtrument put in the ſtate Juſt men- 
tioned, we may find as many true points of level 
between them as we defire, provided the places 
to which the teleſcope Is PER are equally dil- 

tant from the inſtrument. 

To have only two, which we ſhall mention 
how all the perfection may be given that can be 
deſired, plant upright a ſtaff c4, at 300 or 400 
toiſes froth the inſtrument, on the bank of a ri- 
ver, a lake, or a canal, along which your aſſiſ- 

tant ſhall preſent you a ſignal, or a little ſquare of 
Iron, white on one fide, and black on the other; ; 
for in any ſituation whatſoever the black is ſeen 
more eaſily than the white : let him raiſe or lower 
this ſignal, till the hair of your teleſcope juſt 
touches its upper edge 4, and reckon how many 
feet, inches, and lines there are from the edge 4 
to the baſe of the ſtaffc; then let the aſſiſtant 
preſent in like manner in another place e, as far 
_ diſtant from the inſtrument as c, another ſignal 5; 
and knowing by your ſign that the hair of your. 
teleſcope touches the edge of his ſignal, he writes 
how many feet, inches, and lines there are from 
this edge 5 to the baſe e of his ſtaff. 

By means of theſe points 4 and 5, which it is 
eaſy to find by all ſorts of levels, how defective. 
ſoever they may be, the inſtrument may be ad- 
Juſted in the following manner, and diſengaged 
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from the troubleſome neceſſity of always chooſing 
points equally diſtant from it. 
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Cauſe the inſtrument to be carried near one of 
the ſtaves c 4, or e 5, and count how many feet, 
inches, and lines there are from the upper edge of 
the ſignal 4 to p, where you ſhall have obſerved 


the centre of the object-glaſs of your teleſcope to 
be, or the hair to be cut by the ſtaff c 4 : let your 


aſſiſtant then go and place upon the ſtaff e 5 a ſig- 


nal 3, as much below g as p is below 4: then turn 


the object-glaſs of the teleſcope of your inſtrument 


towards q, without making any alteration in the 
pedeſtal of this inſtrument. 

We ſee that the proper places to plant theſe 
two ſtaves, ſhould be choſen along a river, that 
their baſes may not be far from being upon a le- 
vel. Having thus on each of theſe ſtaves two o- 
ther points 2, q, on a true level, as the points 4 


and g are, obſerve whether the hair of the tele- 


ſcope, which is at p, touches the upper edge of 
the ſignal 3. If it touches it, the inſtrument is 
perfect; but it is a great chance. If the hair 
reſts bigher than 4, take ſome of the lead out of 
the calebaſs oc; or if it did not ſeem too much 
immerged in the water of the canal, put ſome in 
the calebaſs o 5, which bears the object- glaſs. 
In ſhort, take out of one, or put into the other, 
till the hair of the teleſcope approaches the ſignal 
q3 then begin again to obſerve where the hair of 
the teleſcope is cut by the ſtaff c 4 ; reckon, as in 
the preceding operation, how many feet, inches, 


and lines there are from the ſignal 4 to this point, 


and place on the ſtaff e 5 a ſignal as much below 
5, as the centre of the teleſcope is found to be 
below 4; and if you obſerve the hair to touch the 
edge of this ſignal, you may conclude this inſtru- 
ment to be perfect; if not, leſſen by degrees 

with 


wy ö 
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with a knife, and not with a file, the leaden 


ring ſoldered at * A; charge or diſcharge the 
calebaſſes, and repeat theſe operations, till the 
meaſure of the point of the level + 4, in the centre 


of the teleſcope, is equal to the meaſure of the 
point of level 5, where its hair cuts the ſtaffe 5; 


and then you will be ſure, that the wiſual rays 
which the inftrument directs, whether long or 
ſhort, make. right angles with lines HO, ima- 
gined to deſcend from the eye of the obſerver to 
the centre of the earth. This is all that can be 
required in the moſt Juſt inſtrument that ever was 
ſeen. 

The ſcale I gives the merit of each part of 
this level. If the length of the ſupport, and that 
of its three feet are reduced to the length of the 
canal, and if the diameter of the portion of a 
ſphere i is reduced to the breadth of the ſupport, 
and to the height of the two veſſels of the canal, 
it is only to incloſe the whole in one caſe. 


VI. A vided fo centre tele ehe gal. in 
 evorking them, by M. de la Hire t, at 
the obſervatory. 


After what I have ſaid on the manner of know- 
ing the inequality of the thickneſs of the glaſſes, 
uſed to make the object-glaſſes of teleſcopes, it 
will not be difficult to centre them in working; 
that is, to cauſe the greateſt thickneſs of the glaſs 
to be found in the centre of the figure, when it 
ſhall be wrought. 

Firſt, the piece of glaſs, of which an object- 


glaſs 1 is to be mace, being cut in a circular figure, 


* Fig. 1 and 2. . T Fig. 8. | 1 Fig, 9. 


I July 22, 1699. 
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och I "Par wives, 7 as 1 ſhall After aßch of 32 We) 
plain, trace upon this circle the diameter AB, 
which will determine its greateſt thickneſs in B, 
and its leaſt in A. 


Secondly, bg ein! to form thoglaſs according to 


the figure 1 T _ would gyt by gu ly 
diminiſhing ti D; ; lo much as you 2 e £ 
it to be mucke 0 7 * n = 1 


ed, unglue ff = j 13 L | „ - : -> = 5 c 044 | 
part, if it is 10 
cut on one ſide wp the cen! 
the ſame method ; thaf/is, ma 
the greateſt thickneſg /of this 
be done by tracing ajdiameter | 
ſhewed, in which a clear or 0 
appear multiplied, 


tk the Point where 
glaſs is. This will 
irſt, 281 have juſt 
15 linè does not 
always 1 


and if t line dogs not appear doubled in 
diametès we ar are iat the glaſs is well 


work \it-equally | 8 the - 
nir perf : 
la anche diameter DE; 


we trac&on A 


1 


of the clear or black line does not appear mulbi- 


plied, and the image of the ſame ſine does appea 


mulripliedinthediameter DE, we fall know that the 
glaſs ĩs net centered. We muſt then make the image 
of the fine on the glaſs, which is parallel to the 
diameter DE, appear, and make it move thereon 
till it no longer appears doubled, which we may 
always find, and this line muſt be marked as at 
FG on the ſurface of the glaſs, which will cut at 


Tight angles the- diameter AB at the point H, 


which will be then the centre of this glaſs. Now 


tranſport the magnitude CH to Cl on the ſer ſide 
Plate VI. Fig. 1. 
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of the centre of the diameter AB, and having 
faſtened the glaſs with maſtick as before, begin 
to cut it on the ſide which is ſtill flat, and wear 
away gradually its part towards B, more than that 
towards A; ſo that being almoſt cut all ſpherically, 
there remains only the little point I, which 1s not 
cut on the ſurface. Then this fide of the glaſs 
may be finiſhed, and you may be ſure that it will 
be well centered. 

On the ſurface of the glaſs, which is firſt cut, 
a little bit of white paper may be paſted, where 
the point I is marked, that this point may always 
be known when you cut the other ſide. 

The demonſtration of this practice is not dif- 
cult: for let ABM N be the ſection of the glaſs by 
the diameter AB of its figure, and perpendicu- 
larly to the plain ſurface AB, if we imagine a 
plane parallel to this ſurface,which touches itin O 


the fide NOM of the glaſs which is wrought, it 


is evident that the point O will be the centre of 
the glaſs, or its oppoſite point H; and ſeeing the 
point C is in the middle of the diameter AB, if 
we take CI equal to CH, and make the point I be 
the place where the curve PIQ equal and ſimilar 
to NOM, touches the plane AB, the line IO be- 
ing biſected ar K, will give the point K, for the 
centre of this olaſs. go, E. D. 

Now as for the manner of finding the greateſt 
thickneſs of the glaſs, as it depends only on one 
multiplication, you muſt only make uſe of the 
reflection of a bright line in the dark, or of a 
black one ina ſtrong light. We muſt therefore 
expoſe one ſide of the glaſs + AB to the black or 
bright line RS, ſo that it may be perpendicular 
to the plane, which paſſes through the eye O, 
and the line RS, and that this ſurface of the glaſs 
7 Fig. 4 + Im 3. „ 
may 


94 The HisToRY and MEMoins of the 
may be alſo very little inclined to this line to be 
able to perceive the image of it more eaſily ; 
and when the image AB of the line RS appears 
fingle, you will know that the diameter AB of 
the circular piece of glaſs will thereby determine 
its greateſt and leaſt thickneſs. But if the image 
AB appears double, and the moſt vivid is towards 
X, and the fainteſt towards V, then the part X 
will be thicker than the part V, as I have already 
demonſtrated. | | a 


VIE. Obſervations on the inſects called adder- 
Bolts or dragon-fiies, by M. Homberg.“ 

As my obſervations were made only on one 
ſpecies of adder-bolts, I ſhall endeavour to di- 
ſtinguiſh it from the reſt in the firſt place, and 
defcribe the parts which principally belong to my 
obſervation. 1 8 8 

The males and females are of the ſame bigneſs, 
being about 20 lines long: the body of each of 
them is equally ſlender; except that the end of 
the tail, or extremity of the belly in the female + 
5 is a little bigger than that of the male g 4. 
They are both very lively, and keep uſually on 
the banks of rivers. | 5 

The || males are of a ſhining violet colour all 
over their bodics ; their 4 wings are tranſparent, 
a little gilded, with a great ſpot almoſt in the 
middle of each wing e, of the fame violet colour 
with their whole body, which makes this part 
of the wings opake. ” 

The jj females are all over their body of a ſhin; 
ing gilded grey, approaching to green. Their 4 
wings f are tranſparent, of the ſame colour, and 
without any ſpot. 

Aug. 22, 1699. ＋ Plate VI. Fig. 5. 
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When they are at reſt, or do not fly, their 4 
wings draw cloſe to each other, ſo as to ſeem 
but one, whereas ſeveral other ſpecies of adder- 
bolts keep their wings always extended, as well 
when they are at reſt as when they fly. 

The head of this animal, which is very big in 
compariſon of its body, joins ro the breaſt only 
by a very lender thread: its belly“ @ c, or that 
part which reaches from the place where its wings 
are planted, to the other extremity, 1s divided 
into 10 joints, the motion of which is only up 
and down, and from fide to fide. 

The place, on which the wings are planted, 1 
ſhall call the breaſt. 

It has its lungs about the middle of the belly 
towards Þ , which appears by this part's heaving 
continually at ſmall intervals, as the parts of re- 
ſpiration commonly do. 
The extremity of the belly of the male a, of 
the tenth joint of its belly, is a ſimple ring, 
which makes its anus; it is furniſhed with 4 little 
hooks, 2 large above, about a line in length, 
and 2 ſmaller below, which it can open and ut, 
juſt as lobſters do their claws. 

The extremity of the belly of the female + , 
ſeems to conſiſt of 2 tubes placed one below the 
other. The upper one is the anus, which is placed 
as in the males, and the lower one is the female 
organ, or entrance into the matrix. This laſt 
is about a line long ; and riſes from the lower 
part of the eighth joint of the belly: each of 
theſe tubes are furniſned at the end with 2 very 
ſmall points; whereas the anus of the male has 
4 hooks. The 2 ends of the tube, being placed 
one above the other, make the extremity of the 


female's belly bigger, and not to be ſo much 


pointed as in the male. I 
" Fig . 4 | Fig. 5: ＋ Fig. 5- 
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1 have ſeen theſe animals perform an action, 
Which has apppeared to me very extraordinary, 


and has raiſed a curioſity in me to 'examine them 


attentively ; the male finding the female fitting 
on ſome leaf or branch by the water-ſide, took 


her as he flew, with the hooks of his anus, by the 
neck between the head and breaſt, and ſo carried 


her off hanging by the head at the end of his tail. 


I thought at firſt, they had been two different 


ſpecies of animals; and that they were quarrelling ; - 
but as I ſaw no reſiſtance made by one of them 
againſt its being carried off, but on the contrary, 


that one of them preſented itſelf, and feemed to 
expect the other, to be carried off more commo- 
| coolly, I thought quite otherwiſe. | 
I followed them, and ſaw that the male ſeated | 
himſelf not far off, on a leaf of a ruſh, and at the 
ſame time he raiſed his tail, with which he held 
the female by the neck, to place her on the ſame 
leaf where he was. The female being thus ſeated = 
behind the male, bent her belly, turning it be- 

- tween her legs, and with the end of her belly, ſhe 
. thruſt her parts againſt the breaſt of the male, 


whoſe genital parts are in that place * : the male 


ſupporting the head of the female with his tail, 


during this whole action. 


They continued in this poſture for about three 
minutes, and then the male lifted up his breaſt 
ſtrongly, and the genital parts of theſe two ani- 
mals ſeparated, as if they had been forced aſun- 
der: the male alſo let the head of the female go 


at the ſame time, and flew away immediately. 
The female being at liberty, put herſelf in order 
again, and remained without motion in the ſame 


place for a full half quarter of an hour, and then 


ſhe flew away alſo. 
* Fig. 6. 
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I have caught ſeveral of theſe animals, to exa- 
mine their genital parts ; and this is what I have 
found. The upper part of the belly, in both 
ſexes, is convex thro? its whole length. The un- 
der part of the belly is folded and bent inwards, 
and forms a gutter lengthwiſe, almoſt like the 
inner part of a feather between its vancs, This 
gutter begins in the males at the third joint, and 
is continued quite to the anus. The firſt joint of 
its belly, next the breaſt, is only a round and 
very narrow ring, about the breadtf of a large 
pin; and it does not ſeem to have any other uſe, 
than to give a more free and large motion to the 
ien er ᷣ 
hhe ſecond joint in the males c, is two lines 
long, very much hollowed in the fore part under- 
neath, making a ſort of a bag, the edges of which 
_ ſet with hair, and the bottom 1s towards the 
breaſt. 5 : os ol 
From the bottom of this bag proceeds a ſmall - 
hard and black body, of the ſize of a hog's briſtle, 
two lines long. with a hard and very ſmall white 
pearl at the end. This little body ſeems to be im- 
_ Planted into the breaſt of the male, and to per- 
form the office of a penis. It is lodged length- 
wiſe in the bag, in ſuch a manner, that the little 
white pearl is always viſible z when we preſs the 
end of a feather. into this bag, the penis comes 
out of itſelf, about a line in length; which hap- 
pens alſo when the anus is preſſed. I have cut the 
breaſt of the male tranſverſly with ſciſſars above 
the wings, and found in the fleſhy part within 
the breaſt a hollow cone, the baſe of which was 
towards the head of the animal, and its vor/ex 
bordered within on the root of the penis; I have 
driven a little needle into the vertex of this hol- 
"Fi. 4. | s : | 
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low cone, which has made the whole length of 


the penis come out of the bag. 
| have opened the breaſt in ſeveral males to ex- 
amine this cavity, but I have found it only in 


two; all the reſt had their breaſts full. One of 


theſe had juſt done coupling when I took him, 


and the other I took at hazard. This difference 


made me think, that this cavity might be the re- 


ſcrvoir of the ſeed of this animal, which being 


but juſt emptied, made the cavity ftill viſible z 
but before the copulation, this place being full, or 
ſometime after it, the ſides of this veſſel being fal. 
len, there would not appear any ſenſible mark of it. 

The bag, in which the penis is lodged, is only 
a continuation of the gutter which runs along the 
whole belly almoſt underneath, with the diffe- 
rence, that in this plaee the gutter is deeper and 
wider, than in all the reſt of its extent, and that 
it is hairy, whereas all the reſt is ſmooth. 

Fhe under part of the belly of the females is 
in like manner folded into a gutter, which begins 
at the ſecond joint of the belly * 4, which is not 
hairy, like the males, and continues along the 
6 following joints: 

The two laſt joints but one of the female hold | 
its external genital parts 5 underneath. They 
are formed after the following manner: the ninth 
joint underneath has an aperture furniſhed on each 
fide with a light grey little wing. Theſe two 
little wings cover this aperture, and have a mo- 
tion of opening and ſhutting ; and when they are 
ſhut, they ſeem to form a little tube 2. 

At the root of the eighth joint, there ariſes a 
little bunch, up to the root of the ninth joint. 
On the extremity of this bunch are planted two 


little crooked horns, black, very hard, a little 


above a line long, ſhaped almoſt like the fangs of 
Fig. 5. * 


Ll 
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a viper, but a little more crooked, and its points 
are turned towards the anus, They are articula- 
ted, and have a motion every way:z they are u- 
ſually jedged under th little wings juſt deſcribed, 
and are entirely hidden by them; they are laid ſo 
works ather, that they appear like one ſingle 
00 
I believe theſe two little horns may have the 
two tollowing uſes Firſt, as they are couched 
between the (wo little wings, which cover the 
female parts, and as they have a motion every 
way, they can, by parting from each other, open 


the two little wings, and thereby diſcover the a- 


perture of theſe parts. 

The ſecond uſe may be, to direct the parts of 
the female in copulation towards thoſe of the 
male, and that in the following manner: 

We have ſeen that the parts of the male are 
very near its breaſt, whereas thoſe of the female 
are placed at the other extremity of the belly, ſo 


that the female is obliged, in copulation, to bend 


— 


her belly and bring it between her legs and under 
her breaſt, to reach the parts of the male, as is 
repreſented in Fig. 6. which is a very uneaſy 
poſture, in which ſhe might often miſs the parts 
of the male, without the aſſiſtance of theſe two 
horns : but when theſe horns riſe under the little 


wings, they preſent their convexity to the gutter, 


which poſſeſſes the whole under part of the belly 
of the male, in which they very eaſily engage 
themſelves ; and after they are entered into this 
gutter, they ſerve for an infallible guide to the 
parts of the female, to arrive ſurely to thoſe of 
the male. 

I have ſhut up ſeveral of theſe females, to ſee 
if they would produce any eggs: but as they 
flood in need of nouriſhment, which they would 
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| becauſe I have found a great many wings o 
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not take in their priſon, they all died, ſo that 


IT could not extend my obſervation any farther. 


I never found any eggs in them on diſſection, 


which makes me believe the females hide them- 


ſelves ſoon after copulation, .to lay their eggs, 
and that they periſh afterwards. The males alſo 
muſt periſh ſoon after copulation z which I gueſs, 
t 1 males 
in ſeveral places, where it is probable, that they 
died ; and as I found no bodies, it is probable, 
that they were eaten by other 3 


I obſerved, that the firſt of theſe animals, 
which I took about the 18th of Faly this year, 


particularly the males, were longer and ſtronger 
than thoſe which I took a fortnight afterwards, 


that there were hardly any three weeks after, and 
that theſe few were very poor ones; which makes 
me believe, that theſe animals could not all hatch 
at the fame time, and that the firſt flight is better. 
— i. = 


VIII. Ar inquiry into the ſtrengtb of man to 


move burdens, either by lifting, carrying, 
gr drawing, conſidered abſolutely, an 4 01 t Es 
compariſon to that of animals which carry 
and draw, as horſes, by M. de la Hire, 
at the obſervatory *, 0 _ 


I ſuppoſe, in the firſt place, that a ſtrong 
man of a midling ſtature weighs 140 /5. of our 
weight. 8 

-I conſider firſt, that ſuch a man, having his 
knees on the ground, can raiſe himſelf, by reſt- 
ing only on the point of the feet, and the two 
knees being continually joined together; and as 
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this effort is made by means of the muſcles of the 
legs and thighs, it is evident, by the ſuppoſition 
juſt made of his weight, that the muſcles of the 
egs and thighs will have ſtrength to raiſe 140 16. 
But a man having the hams a little bent, can 
recover himſelf, tho loaded with a weight of 
150 Ib. together with the weight of his body 
which he raiſes at the ſame time ; ſo that the 
force of the muſcles of the legs and thighs can 
| raiſe a weight of 290 16. that is, 150 /b, of the 
weight with which it is loaded, and 140 1b. of the 
weight of his body, when the elevation is but two 
or three inches. | | | 
Such a man, as we have already ſuppoſed and 

. conſidered, can alſo raiſe from the earth a weight 
of 100 /b, which ſhall be placed between his 
legs, by only bending the body, and taking this 
weight with the hands as with two hooks, and 
then recovering himſelf, Whence it follows, that 
the muſcles of the loins alone have ſtrength to 
raiſe a weight of 170 /b. that is, 100 146. of the 
weight, and 7016. which is half his own weight; 
for he muſt not only raiſe the weight of 100 16. 
but all the upper parc of his body, which I eſti- 
mate at 70/7, ſeeing he bent down to lift the 
weight. Þ# ; 
As for the force of the arms in drawing, or 
railing a burden, it may be reckoned at 160 15. 
which depends on the force of the muſcles of the 
ſhoulders and arms. For if a man takes with 
both his hands any fixt body, placed above his 
head, he can eaſily enough, by the ſole effort of 
his arms, raiſe his whole body, and 20 16. beſides, 
as if he was loaded with the weight of 20 16. The 
experiment of this may eaſily be made, if there is 
a weight of 160 156. which is faſtened to the ex- 
tremity of a cord, which paſſes over a pully z 
& and 


— 
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and if a man who weighs but 40 Jb. draws the 


other extremity of this cord, it is evident that he 
can never raile the weight of 160 16. ſeeing all 
that he can do is to hang upon this cord, and the 
weight at the other extremity, weighing more 
than he, will keep him ſuſpended; for the pully 
is nothing but a continue ballance with equal 
arms: but if this man is loaded with a weight of 
20 1b, he will then make an equilibrium with the 


weight on the other fide; and if we add to this 


20.76. then he will raiſe the weight, for the mufſ- 


cles of his ſhoulders and arms have firength 


enough to raiſe all this weight. 

Altho' the muſcles of eich part of the body, 
are able to make ſuch great efforts to raiſe burdens, 
yet we muſt not compute the ſtrength of a 

man by that of all his muſcles ropether, tho? 
the ſpirits which ſwell the muſcles ferving to mo- 
tion in general, by contracting themſelves, and 
drawing the tendons of their extremities, could 
diſtribute themſelves equally into all theſe parts, 
and in the ſame manner with a ſeparated part, 
ſeeing each part uſually ſerves for a ſupport to 
that which is joined to it, For example, the 
muſcles of the arms and ſhoulders contracting 
themſelves, can raiſe a weight of 160 46. But 
if the body is bent, the arms cannot ſuftain this 
weight, unleſs the muſcles of the loins have ſtrength 
at the fame time, to ſuſtain the upper part of 
the body with the weight with which it 1s loaded ; 
and if the hams were alſo bent, then the muſcles 
of the legs and thighs, muſt ſtill make a greater 
effort, as they muſt ſuftain the weight of 160 16. 
and at the ſame time that of the whole body. 
Whence it happens, that in this diſpoſition of the 
whole body, the ſtrength is divided by the diſtri- 
bution of the ſpirits into all the parts, which is 

the 
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the cauſe that a man cannot raiſe from the ground 
a weight of 160 15. 

Not but that there may be ſome men, whals 
ſpirits flow in ſuch abundance, and with ſo much - 
rapidity into their muſcles, that they make efforts + 
triple and quadruple of what is uſual; and this 
ſeems to me the natural reaſon of the ſurpriſing, 
force that we ſee in ſome men who carry and 
lift ſuch burdens, as 2 or 3 men together would 
be at a loſs to ſupport ; tho? theſe men are ſomes, 
times of a moderate ſize, and ſeem outwardly ra- 
ther weak than ſtrong. There was one not long 
ago, in this country, who was ſaid to carry a 
great ſmith's anvil, and of whom ſeveral won- 
derful actions were related : but I ſaw another at 
Venice, who was young, and did not ſeem to be 
able to carry above 40 or 50 Lb. with all poſſible 
advantages, who getting upon a little table raiſed 
an aſs from the ground, and held it up in the air, 
by a large girt - *h went under the belly, and was 
faſtened at each end to hooks, which hung at the 
end. of 2 little twiſts made of ſmall cords, and a 
few hairs on each ſide of the head of this young 
fellow: and all this great ſtrength depended only 
on the muſcles of the ſhoulders and loins; for he 
ſtooped at firſt, whilſt the hooks were faſtened to 
the girt 3 and afterwards he lifted the animal off 
the ground, leaning his hands upon his knees. 
He again raiſed in the fame manner other bur- 
dens, which ſeemed heavier than this animal, 
and ſaid he found leſs difficulty in it, becauſe the 

aſs ſtruggled when it was off the ground. 

I now examine the effort of a man to carry 
a burden on his ſhoulders; and I fay the weight 
of this burden may be 150 J. and that he can walk 
with this load eaſily enough on a horizontal plane, 


provided he does not make great ſtrides; but he 
1 Cannot 
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cannot go up a hill or a ladder with the ſame 
weight. For the action of walking with a bur- 
den on the ſhoulders, muſt be conſidered as the 
circular motion of the centre of gravity of the 
body, and of the weight joined together, on the 
foot which advances as centre of the arch of 


motion; the effort of the muſcles of the other 


leg ſerving only to puſh this centre forwards z 
and if the arch deſcribed by this centre is ſmall, 
the effort of the hinder Jeg muſt hot be great, 
to make it be deſcribed, ſeeing the whole burden 


of the body, and of the weight, is not to be raifed 


by more than the quantity of the verſed fine of 


| half the arch; which is not confiderable in this 


caſe, with regard to the arch which is the path 
in which the whole burden advances. 
Thus we fee that a man well loaded can walk 


| the more eaſily, as he makes leſs ſtrides, ſeeing 


the ſine will be ſo much the leſs, and that he could 
not advance by making ſuch Jarge ſtrides, that the 
effort of the hinder leg could not raiſe the bur- 
den of the body, and of the weight by the quan- 
tity of the verſed fine of the arch, which would 


be half the ſtep. | 


It is eaſy alſo to ſee that the fame man cannot 


go up a ladder, or ſteep hill with this load, ſeeing 


according to what we have already explained, the 
effort of the muſcles of his legs being able to 
raiſe a weight of 150 16. only to the height of 2 
or 3 inches, he could not raiſz it to 5 inches which 
is the height of the uſual ſteps, nor go up a hill 
without making ſuch ſhort ſteps, as to riſe but 2 
or 3 inches at each, 

It therefore now remains for me only to confidet 
the effort of a man to draw or puſh horizontally. 


But to render this explication more clear and in- 


telligible, 1 conſider his ſtrength applied to the 
5 | handle 
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handle of a roller the axis of which is horizontal, 
and over which a cord is turned which ſuſtains a 
weight, having ſuppoſed the diſtance from the 


centre of the roller to the elbow of the handle, 


equal to the ſemi-· diameter of the roller, that the 
force may be compared being applied without 
any augmentation on the fide of the machine; 1 
have alſo had no regard to the frictions of the 
axis of the roller, nor to the difficulty which the 
cord may have to bend, | 
Firſt it is evident, that if the elbow of the 


handle is placed horizontally, and that it is about 
the height of the knees, the effort of the man 


who raiſes it in drawing, may at the ſame time 
lift the weight of 1 50 16. which ſhall be faſtened 
to the extremity of the cord, taking all poſſible 
advantages, ſeeing it is the ſame as to raiſe the 
weight, as I have already explained. But if it is 
to depreſs the handle, his effort ean be no more 
than 140 /b. which is the weight of his whole 


body, that he can apply by bearing upon it, un- 
leſs he is loaded; for then he could make a much 
greater effort. 


Seeondly, if the elbow of the handle is placed 
vertically, and is at the height of the ſhoulders, 
it is certain that a man can make no effort to turn 
it, by drawing it or puſhing it with his hands, 
if the 2 feet are againſt each other, and the body 
ſtrait, which is repreſented by the line * AP, and 


if the line of the arms reprefented by AM is ho- 


rizontal, and makes a right angle with AP, ſince 


1n this poſition, neither the force of the whole 


body or if its parts, nor its weight, can make any 
effort to puſh or draw, which is known by me- 
chanicks, for I conſider the breadth of the feer 
only as a ſingle point P. But if the handle is 
Plate VI. Fige 7: 5 e 
Vor. I. N*. 3. O higher 
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higher or - lower than the height of the ſhoulders, 
then the line which goes from the ſhoulders to the 
hands, which is AM, and that which goes from 
the ſhoulders to the end of the feet, which here 
is AP, will make an obtuſe or an acute angle, 
and the man may have ſome force to draw or puſh 
the handle; and this force depends wholly. on the 
weight of the body, as is ealy to know and 
demonſtrate; and this weight or this force 
muſt be conſidered as reunited in his centre of 
gravity, which is near the navel within the body, 
I fay that regard muſt be had only to the weight 
of the body to determine the equilibrium, for 
the effort of the muſcles of the legs and thighs 
ſerves only to preſerve this equilibrium in walking. 

Let the handle D be at the height of the 
ſhoulders A, and let the centre of grivity of the 
body be at 2 the body being very much inclined 

towards the handle; but let the end of the feet be 
at P: we muſt conſider 1ſt this point P as the 
fulcrum of a lever or ſtrait rod PCH, which 

paſſing thro* the centre of gravity C of the 
whole body, meets the line of the arms MA at 
the point H; 2, That this point C of the lever 
being loaded with the weight of all the body 
140 10. with its natural direction, its extremity H 
is ſuſtained with the horizontal direction MAH; 
whence it will be eaſy to conclude by mechanicks, 
what effort the weight of the body at C with its 
natural direction, can make on the handle ac- 
cording to the horizontal direction DH. 

For firſt, let PH be of 240 parts and PC of 
80; ſince the effort of all the body at the point 
C is 140 /5. it will be but 80 /5. at the point H, 
as if at the point H there was a weight of 80 lb, 
ſuſpended with its natural direction, which muſt be, 


* Fig. 8. ; 
in 
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in the ſuppoſitions that we have made, perpendicular 
toMA. Wherefore if we draw from the point of 
ſupport P the line PF perpendicular to MAF, the 
weight of 80 1b. at H with its natural direct ion, 
will be to the effort of the ſame according to 
the horizontal direction MAH on the handle, in 
the ratio of PF to HE, which very much dimi- 
niſhes the effort of the 80 1b. in a moderate incli- 
nation of the body ACB. And if we ſuppoſe 
for inſtance, that the line PCH makes with MAF 
the angle PHF of 70 degrees, the line of the 
body ACB will then be inclined.to the horizon, 
75 or with MF, an angle of more than 60 degrees, 
which is at moſt the inclination in which the 
body can be to be able to walk; and the ſine of 
70 degrees which is PF, will be to the ſine of 
: its complement which is HF, very near as 3 to 1; 
* and conſequently the effort of the 80 /5. at H ac- 
cording to the natural direction, will be to that 
which they make according to the horizontal di- 
rection, only; 7 of 80 45. Which is a little leſs 
: than 27 l. 


b Thoſe who . not ini the experiment of 
” the ſtrength of a-man, to. puſh horizontally with 
: the arms, or to draw a horizontal cord in walking, 

of the body being inclined forwards, whether the 
2 cord be faſtened towards the ſhoulders or about 
dhe middle of the body, for the effort will be no 
bs greater in the ſame inclination of the body, ſince 


the ſines of inclination and its complement are al- 
ways in the fame ratio, cannot perſuade them- 
ſelves that the whole ſtrength of a man, is reduced 

to draw only 27 16. with a horizontal direction. 
Not but that a man being bent can ſuſtain a 
much greater weight than 27 /6. ſeeing if the line 
PH made with HF an angle of 45 degrees, it is 
certain that the weight of: the body would ſuſtain 
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70 Ib. but as he would be bent according to 
line as AB. which would be much more inclined 


to the horizon than 45 degrees, it 1s certain that 
far from being able to Py he would oy be 
able to ſuſtain it. " 

* * to no demonſtra n 125 alſo to ſhew, 


ä ch more ſtrength 2 
'd ac! Ey Ward thag forwards. | For in 
7, che Tank * PCH-which 


. * feet P thro? the centre 


f gravity C, and whereon depends the augmen- 


tation of the force, will be-always more inclined 
to the horizon, than the linè of the body | ACB, 


on contrary to what it was in the pre eding | 


ſition. | —— ru 
But this manner of arc T 


a Win nid not be put 
9 my to draw a cord, 
the man continuin always in the ſame place; 5 
and one ſhould not ail of putting one's ſelf in this 

oſture in ſuch a caſe, for nature and experience 
— taught us to take always all poſſible advan- 
tages in common operations. 

It is for the ſame reaſon alſo that our mlriners 
and in general all who row on the ſea, always 
- pull their oars from before backwards, for they 
have much more force than if they puſhed them 
forwards, as the gondeliers of Venice do, for 
which I ſee no other reaſon than that of ſeeing 
before them; which is much more neceſſary for 
them than great force, becauſe of the frequent 
turns they are obliged to make in the canals, 
and to avoid running againſt one another. 

It remains for me in the laſt place to compare 
the ſtrength of men with that of horſes in draw- 
ing, which are the ſtrongeſt of all drawing ani- 
mals; but as it does not entirely depend upon 
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their weight, as that of men does, but princi- 


pally on the muſcles of their body, and on the 
general diſpoſition of its parts, which have a 
very great adyantage in puſhing forwards, we 
muſt be contented with the common experiment, 
that a horſe draws horizontally as much as ſeven 
men; and thus a horſe can draw horizontally 
only a little leſs than 200 15. Not but that, when 
loaded, he can draw a little more; but it is 


but little in proportion ro our idea of the great 
ſtrength of this animal. But as it is uſually con- 


ſidered as being applied to ſome wheel- carriage, 
ſuch as carts, we cannot make ſuch a juſt eſtima- 


tion of it, becauſe on a ſmooth and horizontal 


plain they need no more force than is neceſſary 
to overcome the frictions of the axle-trees. _ 
We may obſerve again, that three men will do 
more than a horſe in carrying a burden up a ſteep 
hill; for three men loaded with 100 /b. each, will 


| riſe more quickly and eaſily than a horſe loaded 


with 300 15; which comes from the diſpoſition of 
the parts of the human body, which are better 
adapted to aſcend than thoſe of a horſe. | 
| We ſee alſo by this demonſtration, that thoſe 
who have thought to obtain a very great advan- 


tage from the weight of the horſe, by applying 


it to a ſwipe, to move the piſtons of a pump, 
have not found in the execution all that they had 
concludeq by the calculation of the weight of this 
animal, ſince at each ſtep it muſt be obliged to 
go up 2 on of ladder. WE 
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Þ + Two forts of wheels to 45 75 water, by 
M. des Billettes OT 


The firſt... It is quite cloſed on one fide by a 
circle of eight feet in diameter, made of planks 
1 inch + thick, faſtened on a croſs of eight pieces 
of wood, which in the centre of their aſſemblage 

Teave a hole eight inches fquare, in which the end 
of an arbor of like bigneſs is inferted, which 
turning round makes the wheel turn with it. The 
oppoſite ſide is void from the centre to about 13 
inches from the circumference. This ſpace of 1 3 
inches is occupied by 14 buckets nailed on the 
planks, being on the inſide 15 inches long, 14 
high, and 11 broad. The length is underſtood 
of the ſpace, which they poſſeſs on the turn of 
the circumference, the height of their perpendi- 
cular elevation on the plane, and the breadth of 
their ſpace from the circumference to the centre. 
The outer plank of their length is cut ſome in- 
ches, and conſequently leaves an opening to give 
entrance to the water, every time each bucket im- 
merges, all the other five ſides being exactly 
cloſed. That which covers their height conſiſts 
of two pieces; one of which is immoveable; the 
other is faſtened by two pair of hinges; ſo that 
it can open and ſhut like the lid of a box. On 
this lid is alſo faſtened a latch, made alſo like the 

common latches of doors, and which being preſ- 
ſed by a ſpring placed on the ſame lid, engages 
itſelf under an iron catch faſtened to the plank on 
the ſide of the bucket towards the centre, or the 
void of the wheel. And thus the water, which 
has entered the bucket by its aperture, remains 
ſhut up as long as the latch holds the lid. But as 
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ſoon as it unlatches, the weight of the water 
makes it immediately diſgorge into a trough un- 
derneath. This trough is a foot high, and two 
broad, and has an iron hook ſtrongly fixed, cal- 
led the decrochoir; becauſe, as the wheel turns, 
this hook catches at the latches of the buckets ſuc- 
ceſſively, and forcing their ſpring, diſengages or 
unhooks them, from below the catches which 
held the lids clole down. Then as the wheel 
continues to immerge, the lids ſhut, both becauſe 
of the loſs of their own weight, and becauſe of the 
water which ſtrikes them on the outſide, and gives 
liberty to the play of the ſprings, which hook the 
latches under the catches again. 

The ſecond : It is Jeſs compound than the other. 
For it is formed of two hoops which clofe it pa- 
rallelly, and contain between them an arbitrary 

number of volets, cloſed at the bottom, ſides, and 
ends: but quite open at the circumference of the 
wheel. What is moſt particular, is a curve-trough, 
which embraces both its planes by a ſegment of a 
| Circle of about 100 degrees, ſo that below it riſes 
a little above the horizontal ſpoke of the wheel, 
and conſequently conducts all the water that it 
draws to a place above, where it has a ſpout, at 
which the water diſgorges itſelf into a gutter pre- 
pared for the voidance. 

The advantage of the ſecond wheel above the 

| Other is its having a little more ſimplicity in its 

conſtruction ; but it has alſo a great deal more 
friction, becauſe the trough muſt touch the ſides 
exactly, or elſe there will- be a great loſs of wa- 
ter. And this friction is much more conſider- 
able, when towards the end of the drawing, the 
water having ſunk very conſiderably, the wheels 
muſt be inclined to the horizon. But the firſt 


has neither friction nor loſs of water, and ſo is in 
all 
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all poins the beſt. With both of them one I | 
draw 5000 muids of water in an 8 


X. Of the refitance cauſed in mack lo. both 
by the frictions of the parts of” whi cb th 


are compoſed, and by the ſtiffneſs of the cords 
Ns 8 in them, by M. Amontons . 


Experiment. 


We put upon ſome planes f AA, of copper, 
iron, lead, and wood, anointed with old lard, 
other planes BB of like materials, and different 
bigneſſes: they were preſſed one upon another 
differently by ſprings, like that repreſented by / 
CCC, of which the quantity of preſſure was 
known. Theſe planes were changed all poſſible 
oy putting ſometimes thoſe of iron on thoſe of 

copper, lead, and wood, and ſometimes theſe laſt 
on thoſe of iron ; and at each time we obſerved 
with a ſpring balance D, - the quantities of force 
neceſſary to make them move, and we found, 

1. That the reſiſtance cauſed by the frickion 
increaſes and diminiſhes only in proportion to the 
greater or leſs preſſures, according as the parts 
e rub have more or leſs extent. | 

That the reſiſtance cauſed by the frictions is 
met the ſame in the ifon, the copper, the lead, 
and the wood, let them be varied how you will, 
when theſe ſubſtances are anointed with old lard. 

3. That this reſiſtance is nearly equal to + of- 
the preſſure. To theſe remarks we may add a 
fourth, that theſe reſiſtances are between themſelves 
in a ratio compounded of the weights or preſe 
ſures of the parts which rub, of the times and of 
the velocities of their motion. 


* Dec. 19, 1699. + Plate VII. Fig. T. | 1. 
For 
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For if, for inſtance, the plane“ A is preſſed 
on the horizontal plane BBBB by a quantity 
equal to 30 46. according to the third remark it 
muſt have a power equal to 10 45. to move it, 
whether this plane is moved according to any 
right line whatſoever as AD, or according to a 
circular line as AE; for we may ſuppoſe this 
plane A ſo ſmall, that the determination about 
the centre C does not produce an effect which ſen- 
ſibly differs from that which it would produce ac- 
cording to the determination of a right line. Now 
it is evident, that if inſtead of applying the power 
at A, or any place of the radius CA, we apply 
it at F, or any place of the radius FC, as far 
diſtant from the point C, as the place where this 
power ſhould have been applied towards A or to- 
wards F, provided it is at an equal diſtance from 
theſe points, or from the centre C. But as it is 
demonſtrated in mechanicks, that two forces do 
not act equally, but when they are between them- 
ſelves in a reciprocal ratio from the centre of ſup- 
port, it follows that if the power, which being 
applied at A was equal to the reſiſtance cauſed by 
the friction of the plane A, was 10 16. it mult be 
20 1b. equal to the reſiſtance, when this power is 
applied at G, ſo that GC is to AC as one to 
two: on the contrary, ſuppoſing the reſiſtance at 
G, and the power at A, this power needs be no 
more than 5 16. to equal this reſiſtance ; and if 
both at A and G, we ſuppoſe a preſſure equal 
to that of the plane A, the power which ſhall be 
applied at A or F, needs be no more than 15 16. 
to equal theſe two reſiſtances cauſed by the two 
preſſures, each of 30 /5. whence we ſee tha: theſe 
reſiſtances are between themſelves, when the preſ- 
{ures are equal, in proportidn to the ſpaces run 
Fig. 2. | 
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thro? at the ſame time, and conſequently that they 
are alſo between themſelves in an inverſe ratio of 
the times of their motions, when the ſpaces run 
thro? are equal; whence it follows, that 5 a plane 
is doubly preſſed, and runs thro? a double ſpace 
in half the time that another plane does, the 
friction of the firſt will equal eight times that of 
the laſt. 

It is by reaſoning according to the above prin- 
ciples, that we know that the friction in the ſledge 
makes a reſiſtance at leaſt equal to 3 of the weight 
of the ſledge, and of the burden with which it is 
loaded; that in the waggon, this reſiſtance is leſs 
than in the ſledge, according to the ratio of the 
circumference of the wheel to the hole of the nave 
which receives the axle; and that if this ratio is 
as 18 to 1, the reſiſtance cauſed by the friction, 
is in the waggon equal to =, part of the weight 
of the body of the waggon, and of the burden 
with which it is loaded. 

It is in ſhort by theſe principles, that we know 
why in all machines, and in all weights which are 
moved horizontally on a pivot, the friction is ſo 
inconſiderable, as well as in ballances, let the 
weight be ever ſo heavy; for the ratio of the 
bigneſs of that part of the pivot which rubs, to 
the length of the lever by which the power acts, 
is ſo ſmall, that it is almoſt inſenſible. 

But tho? all the experiments above related ſeem to 
prove ſufficiently, that the reſiſtance cauſed by the 
friction of the ſurfaces which rub, increaſes - or 
diminiſhes according to the greater or leſs preſ- 
ſures, and not according to the greater or leſs ex- 
rent of theſe ſurfaces ; as this does not always ſut- 
fice to convince a reaſonable mind, it is good 
however to eftabliſh * truth by demonſtrating 
it. 


N ow, 
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Now .if we meditate carefully on the nature of 
friction, we ſhall find it is nothing but he action 
by which a body which is preſſed againſt another, 
is moved on the ſurface of that which it touches; 
and that as the ſurfaces, which rub againſt one ano- 
ther, cannot be conſidered either as rugged and un- 
equal, or as perfectly ſmooth, and as it is impoſſible 
in the firſt caſe that theſe inequalities ſhould be 
partly convex and partly concave, and that the 
firſt entring into the laſt they ſhould not pro- 
duce a certain reſiſtance when we would make 
them move, ſince to do that they muſt remove 
what preſſes them againſt one another, and that 


| the action of theſe inequalities or otherwiſe the ef- 


fect which they may produce, is the ſame with that 
of the inclined planes, which are uſed to raiſe bur. 
dens; it follows, that the greater the preſſure, 
the more conſiderable is the reſiſtance to the mo- 
tion : beſides, in the caſe before us, we muſt ſup- 
poſe the preſſure to be equally diſtributed in the 
whole extent of the ſurfaces : it follows alſo, that 
of different ſurfaces of different extents loaded 
with equal weights, each of the parts which com- 
poſe the great ones is leſs loaded than each of the 
parts of the ſame extent which compoſe the ſmall 
ones, and this according to the ratio between 
their ſurfaces, and that ſo, for example, if a ſur? 
face of a foot ſquare or 144 inches, is loaded 
with a weight of 144 Ib. each ſquare inch will be 
loaded only with 1 75. whereas the ſame weight 
of 144 1b. being ſupported by a ſurface of 4 foot, 
or 36 ſquare inches, each ſquare inch will ſupport 
405. and as it is the ſame thing to raiſe to a cer- 
tain height in a certain time 36 times 4 156. or to 
raiſe in the ſame time 144 J. to the ſame height, 
it follows alſo that the reſiſtance cauſed by the 
friction of the ſurfaces of different extents is 
| T2 always 
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always the ſame when they are loaded with equal 

weights, or, which is the ſame thing, when the 
| preſſures are equal; and as when the preſſures are 
unequal, the forces which they muſt have to raiſe 
different weights to the ſame height in a certain 
time are between themſelves as theſe weights or 
theſe preſſures, it follows alſo, that the reſiſtances 


cauſed by different preſſures are among themſelves 
as theſe preſſures. | 


| Firſt remark. 

This demonſtration always ſubſiſts, whether 
theſe inequalities are ſuppoſed rigid, or whether 
they are ſuppoſed capable of elaſticity, ſince the 
power which would ſurmount the. ſtiffneſs of a 
ſpring, and would make it move, for example, 
from * A toB, does not differ from that which 


would raiſe to an equal height, a weight equal to 
the force of this ſpring. L 


Second remark. 


But if we ſuppoſe that the ſurfaces which rub 
are without any inequalities, and conſider them 
as mere mathematical planes, we ſhall find alſo, 
that this propoſition is true, ſince how eaſy ſo ever 
the lateral motion may be of heavy bodies, which 
are not removed from the centre of the earth, the 
laws of motion inform us, that the more gra- 
vity theſe bodies have, the more reſiſtance they 
make againſt being moved; add, that it is net 
true abſolutely ſpeaking, that two mathematical 
planes can be moved upon one another, in any ſi- 
tuation that they are put, without one of them re- 
moving from the centre of the earth more or leſs, 
according to the ſituation of theſe planes, and 
that fo the greater the weights are with which 

pig. 3. | 


they 
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they are loaded, the more force they require to 
move them, which has no need of demonſtration. 


Third remark. 


Tho' it has Juſt been demonſtrated, that the 
_ reſiſtance cauſed by the friftions augments ac- 
cording to the preſſure, and not according to the 
extent of the ſurfaces which rub, here is however 
a very particular caſe; in which, if we attend 
ſufficiently to it, it appears to be the quite con- 
trary. Let there be as many planes as you pleaſe, 
* AAAA, preſſed between others BBBB, by the 
weight C taken at will. If the planes as AAAA, 

can be drawn all together by the ſame power D, 
without the planes BBBB being able to move 
otherwiſe, than to tranſport the preſſure of the 
weight C to all the planes AA and BB, ſuppo- 
ſing beſides all theſe planes without any gravity, 
and that we know the reſiſtance cauſed by the 
friction of one of the planes A, againſt one of 
the planes B, by the preſſure of the weight C; 

the power at D, which will ſurmount the reſiſt- 
ance cauſed by the friction of all theſe planes, 
will be to the weight C multiplied by the number 
of all the planes AA BB, minus 1, as the reſiſt- 
ance cauſed by the friction of 2 planes A and B, 
preſſed by the weight C, is to the ſame weight C; 

and if the particular reſiſtance cauſed by the 
friction of 2 of theſe planes, is, for inſtance, 
as 1 to 1, let the number of the planes be 11, 
the power at D muſt be decuple of the weight 
C, whence it follows, that a very little preflure 
may make a reſiſtance, greater and greater to 1n- 
finity, by augmenting alſo the number of the 
planes which rub againſt one another; which 
ſeems at firſt a meer paradox, but the truth of 


” Fig. 4+ ; 
it 
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it is eaſily known, by confidering that if to over- 
come the particular reſiſtance cauſed by the 
friction of 2 planes as A and B, the power, 
which draws one of the planes, muſt raiſe the 
weight C by a certain quantity, then the power, 
which ſhall make a greater number of theſe planes 
move, rnuſt raiſe this weight by a quantity, double, 
triple, quadruple, and ſo theſe powers muſt be 
among themſelves as the heights to which they 
raiſe the weight. Now as it is the ſame thing to 
raiſe a certain weight to a height double, triple, 
quadruple of another height, or to raiſe the 
double, the triple, the quadruple of this weight 
to this height at the ſame time, it follows that 
the great elevation of the weight C, in the caſe 
in queſtion, ſerves inſtead of gravity, and ſo 
that it is always true to ſay, that the reſiſtance 
cauſed by the friction, changes in proportion to 
the greater or leſs preſſures, and not according to 
the extent of the ſurfaces that rub. | 

What we have juſt ſaid of the great reſiſtance 
cauſed by ſeveral planes engaged one in another, 
tho* preſſed by a very ſmall weight, may ſerve 
exceedingly well to explain the cauſe of the hard- 
neſs of the bodies called hard, and by oppoſition 
that of the fluidity, or liquidity of thoſe which 
are called fluid or liquid; but we reſerve the diſ- 
courſing on it for another time. 

After having ſufficiently eſtabliſhed what fric- 
tion is, its nature and its laws, there remains 
only to ſay ſomething of the rules by which we 
may reduce it to calculation, to know the quan- 
tity of it in the moſt compound machines. 


Firſt rule. 


- 


In machines where there are ſeveral frictions, 


we mult examine them in order one after another 
| beginning 


ROYAL ACADEMY of SCIENCES. 119 
beginning with the neareſt to the moving force, 
comparing the firſt with the moving force, and 
afterwards all the reſt with the firſt, to know the 
value of each in particular, 

This order is ſo much the more natural, as the 
parts, which tranſmit the motion to the reſt, 
are nearer to the moving force, and as there is 
no friction, where there is no motion, as has 
been already obſerved. | 


Second rule. 


We ſhall have the value of the firſt frafdicia 
of a machine, by comparing the ſpace run thro? 
by the part which rubs, to the ſpace run thro? 
by the moving force, in the ſame time, and tak- 
ing the ſuitable e part in the + of the 
moving force. 

We ſhall eaſily conceive : the reaſon of this, if 
we conſider, that in the experiment of the frictions 
above related, the power was immediately applied 
to the part which cauſed the friction, and that 
the ſpaces run thro* by this part, and by the 
power in the ſame times, were conſequently equal; 
and that in the calculation of a friction, we muſt 
neceſſarily have regard to this circumſtance ; it 
being very evident, that if the ſpace run thro? 
by the part which rubs, is for inſtance, but + of 
that which ſhall be run thro? by the power in the 
ſame time, the friction alſo will be but = of what 
it ſhould have been, if it had run thro? an equal 
ſpace, by this axiom, that every effect is propor- 
tioned to the cauſe from which it reſults; and that 
ſo a friction by a ſpace + leſs than another in the 
ſame time, is an effect £ leſs than the other, 
which has been alſo demonſtrated in another man- 
ner, in conſequence of the 4th maxim of the 
above mentioned experiment. "Ho by the third 

= maxim 
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maxim of this experiment, the friction of the 
parts which rub is equal to + of their preſſure, and 
this preſſure . in the part of a machine the 
neareſt to the moving force, being always double 
of this force, becauſe the reſiſtance makes a like 


effort with the moving force upon this part, it 
follows that the firſt friction of a machine is al- 


ways equal to 3 of this moving force, when the 


ſpace run thro? by it, is equal to the ſpace run 
thro* by the part which rubs in the ſame time; 


and that this friction is leſs than the 2 of this 


force, in proportion as the firſt ſpace is Jefs than 
the ſecond, and on the contrary ;. and that ac- 


cording. to the ratio of the ſpaces run thro by | | 
both 1 in the. lame times. 114 5 4 


„ * 
x 


EE r rule. 


We ſhall have the value of the moving force, 
when only the refiſtance is given, by calculating 


and comparing according to the. principles of 

mechanicks, the ſpace. which this force has to 
run thro' by tne diſpoſition of the machine, with 
the ſpace which the weight, or the reſiſting force 
ought to run thro? in the ſame time; upon which 
it is to be obſerved, that when the reſiſting force, 

or the moving force is a weight, the ſpace, which 


they muſt run thro*, is always meaſur'd by a 
plumb line, whereas, when there are other 
powers, this ſpace is meaſured according to the 
determination of the motion of cheſe wen. 


1 Fourth rule. 
We mall have the total frictions of a machine, 


when after having compared each friction with 


the firſt and neareſt to the moving force, we add 
all theſe particular frictions in a ſum; but we 
muſt not expect that in augmenting the moving 

1 force 


11 0 
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force by a quantity equal to this value, it ſhould 
be ſufficient to ſurmount the reſiſting force; for 
this addition to the moving force immediately pro- 
duces a new friction, of which we muſt find the 
value, and afterwards that of the augmentation of 
it, and that till this quantity of friction proceed- 
ing from the augmentation made each time to the 


ower is ſo. ſmall that we muſt have no farther 


regard to it; for example, if the reſiſting force 
was 100, the moving force 64, the total value of 
the frictions 16, this addition would produce alſo 
a new friction, the value of which would be 4, 
and upon this another friction, the value of which 
e g. I, if in order to ſurmount the reſiſting 


force, and all the frictions of the machine, the 


moving force ought to be <_ to 64 plus 16, 
plus 4, plus 1, that is, equal to 85 and plus. 


Experiment on the ſtiffneſs of cords. 


We faſtened to a fixt body, as to the floor of a 


chamber, the. extremities * A, A of two cords 
AC, AC, 5 or 6 inches diſtant from each other 
the ends of theſe cords hanging freely at the bot- 
tom, bore the baſon D of a ballance. 

We engaged in theſe cords a cylinder of wood 
BB, making each cord take a turn the ſame way 
about each end of the cylinder in the manner re- 
preſented in Fig. 6. we afterwards put at T D a 
pretty conderable weight, and twiſted about the 
middle of the cylinder, the contrary way to the 

cord t AEFG, that is, the way EGF, a very 
flexible tape, at the end of which was another 
little ſcale hanging freely at H, in which we put 
a ſufficient quantity of weights, to make the cy- 


linder BB deſcend notwithſtanding the reſiſtance 


_ cauſed by the ſtiffneſs of the cords AC, AC. 
n + Fig. 5. + Fig. 6. 
Vor. I. No. 4. 2 We 
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We made theſe experiments with cylinders and 
cords of different bigneſſes, charged with different 
weights, and after having reduced the action of the 
weight H to an equal diſtance from the point of 
contact E, in all the cylinders, having regard to 
the weight of each cylinder, and of the baſons H 
and D, we found that at + inch diſtance from the 
point E, E131 1 
45 ounces ſurmounted the reſiſtance of two cords, 
aeeeach three lines diameter, loaded with 
a weight of 20 46. and turned about a 
a cylinder of + inch; that 
go ounces ſurmounted this reſiſtance, the weight 
. being 40 /b. and 
135 ounces, the weight being 60 16. 

Whence it follows, that the reſiſtance cauſed 
by the ſtiffneſs of the cords about the fame or equal 
pullies, increaſes in proportion to the weights 
which hang at the ends of the cords, 

Continuing the experiment, we always found 
that at + inch from the point E, 

20 ounces ſurmounted the reſiſtance of two cords, 
each of two lines diameter, loaded ar 
D, with a weight of 20 46. and turned 
about the ſame cylinder. 
15 ounces ſurmount ed the reſiſtance of two cords 
of one line diameter, loaded in like 
manner at D, with a weight of 20 16. 
and turned about the ſame cylinder. 

Whence it follows, that the reſiſtance cauſed 
by the ſtiffneſs of the cords increaſes not only in 
proportion to the weights, which hang at the ex- 
tremities of theſe cords, but alſo in proportion 
to the thickneſs of theſe cords, and that ſo upon 
equal pullies theſe reſiſtances are between them- 
ſelves in a 7atis, compounded of thoſe of the 
weights and of the thickneſs of the cords. 3 
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It muſt be obſerved, that the reſiſtance cauſed 
by the thickneſs of the cords, proceeds only from 
this thickneſs removing or bringing nearer the ac- 
tion of the weights to the point of ſupport, and not 
from their containing more or leſs matter; for if 
it was fo, theſe reſiſtances would ines or di- 
miniſh according to the ſquares of the diameters. 

Continuing the experiment, we always found 
that at 4 inch from the point E, 


go ounces ſurmounted the reſiſtance of two cords 


of three lines diameter, loaded at D 
with a weight of 60 1. and turned 
about a cylinder 1 inch 4 in diamete ; 
_ 

114 ounces ſurmounted this reſiſtance with the 

ſame weights and cords, t turned about 

a cylinder of one inch in diameter, and 

135 ounces, the cords turned about a cylinder 7 
inch in diameter. 

Wbence it follows, that the reſiſtance cauſed 

by the ſtiffneſs of cords of equal bigneſs, 22 

with equal weights, increaſes as the diamete! 

the pullies, about which they are turned, dimi- 


niſhes, but not according to the ſame proportion; * 


for in the caſe now under conſideration, tho? the 
diameters of the pullies are between themſelves as 
the numbers 1, 2, 3, yet the reſiſtances increaſe 
only according to the numbers 90, 114, 135, 
wh-reas they ought to increaſe according to 
numbers go, 180, and 270, if they followed the 
proportion of the pullies. 

We ſhall find the overplus of the experiment 
in the following table. 
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It were to be wiſhed, in order to determine 
well the proportion of the reſiſtance cauſed by the 
ſtiffneſs of cords of equal thickneſs, loaded with 
equal weights, about pullies of unequal bigneſs, 
that we had a greater number of experiments than 
thoſe here related; but in the mean time, in or- 
der to find theſe reſiſtances, as well as to find all 
the others already mentioned, we may make uſe 
of the following rules. | 


Rules for the calculation of the ſtiſfneſs of cords 
| in machines, | 


In the examination and compariſon which ſhall 
be made of the reſiſtance cauſed by the ſtiffneſs of 


the cords of a machine, we ſhall follow the ſame 


order as in the frictions, and make uſe of the iſt, 


3d, and 4th rules related above, which ſerve 


equally for both, and which it would be needleſs 


here to repeat: but to have the firſt reſiſtance 
cauſed by the ſtiffneſs of the cords of a machine, 
we ſhall divide the moving force by 10, and 
multiply the quotient by the quantity of lines con- 
tained by the diameter of the cord, then we ſhall 
take the 33 of the product, if the diameter of 
the pully is but 6 lines, the 43 if it is 12, and the 
i; if it is 18, and upwards ; we ſhall divide this 
laſt product by the quantity of inches contained 


in the diameter of the pully, and the quotient of 


the diviſion will be what is fought z the reaſon 
of which is, that the reſiſtance cauſed by the ſtiff- 
neſs of the cords augmenting according to the 
ratio of the weights with which they are loaded, 
and according to that of the diameter of theſe 
cords, and that, according to the above experi- 
ment, the weight hanging to the extremity of a 
cord 1 line in diameter, being 10 156. when the 
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reſiſtance is 7 inchey + on a cylinder of 4 an inch, 
6 ounces + on a cylinder of one inch, and only 
ounces of a cylinder of 1 inch 4 and upwards, it 
follows that dividing by this weight of 10 15. the 
weight equal to the moving force, we have the 
ratio of this weight to the weight of the experi- 
ment, and afterwards the ratio compounded of 
theſe weights and of the thickneſſes of the cords, 
by multiplying the quotient by the number of 
lines contained by the diameter of the cord; fo 
that the product of this multiplication expreſſes 
the augmentation of the reſiſtance cauſed by the 
ſtiffneſs of the cords, which are above a line in 
diameter, and are loaded with more than 1016. 
And as by the above experiment this reſiſtance is 

ounces +, on a pully of 4 inch, 6 ounces on a 
pully of 1 inch, and only 5 ounces on a pully of 
1 inch + and upwards ; it follows, that according 
to the diameter of the pully, we need only mul- 
tiply either of theſe quantities by this product, or, 
which is the ſame thing, take either the 34 or 
the 13 or the ,5 of it, to have the quantity of 
this reſiſtance; but as in this experiment the diſ- 
tance of the action of this reſiſtance from the point 
of ſupport, or the length of the lever by which it 
reſiſts is 4 inch, it is proper alſo to have regard 
to that of the pully; and if its radius or lever is 
more than 4 inch, that is, if the pully is more 
than an inch in diameter; divide alſo the laſt pro- 
duct by the number of 1 inches contained in the 
ſemidiameter, or, which is the ſame, by the 
number of inches contained in the whole diameter. 

But if neither the diviſion of the weight equal 
to the moving force, by 10 /b. which is the leaſt 
weight, as a line is the leaſt thickneſs of the cord, 
in the experiment which ſerves for a foundation 
to this calculation, nor the multiplication of 


the 
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the quotient by the lines of the diameter of the 
cord have place, becauſe both of them, or one 
only may be leſs, we ſhould need only to take 
the proportionate part of the leaſt reſiſtance which 
is found in the table of the above experiment; 
for example, if we would know the reſiſtance 
cauſed by a cord of a line in diameter, and 
loaded only with 3 of 10 16. we need but take 3 
or 7 ounces 4, if the diameter of the pully was + 
inch, or 4 of 6 ounces 4 of this diameter was I 
inch, or 4 only of 5 ounces, if this diameter was 
1 inch 4 and upwards; having alſo regard to the 
diameter of the pullies, that 1s, dividing alſo the 
quotient by the number of inches contained in the 
diameter of the pully about which the cord 
ſhould be thrown ; and if the weight, not only 
was leſs than 10 15. but alſo the cord was leſs 
than a line in diameter, we muſt alſo, after having 
taken the proportional part for the weight as 
above, without having regard to the diminution 
of the cord, take alſo from the quotient another 

proportional part for the diminution of the 
cord: for example, if the cord being loaded 
only with 3 15. 4 was but £ line thick, after 
having taken 3 or 7 ounces 3, or 6 ounces 4, 
or 5 ounces as before, we muſt alſo take the : of 
one or other of [theſe quantities, and divide it by 
the number of inches, contained in the diameter 
of the pully, to have the reſiſtance cauſed by the 
ſtiffneſs of this cord about this pully. 

To facilitate the calculation of the reſiſtance 
cauſed by the ſtiffneſs of the cords in machines, 
I have drawn up the following table, wherein you 
may find theſe reſiſtances for all ſizes of cords 
from 1 line to 30 lines, loaded with all ſorts of 
weights from 1 15. to 100, ooo. 

20 The 


— — —⅛ 
= - — 


— 
* 


—— —̃—ꝛ—ꝛ— —-½ — — 
8 — —— — — r 
DC: IRE — — r 
— ——<S — 4 * — 


128 The HISTORY and MEMoiRs of the 2 


The uſe of the following table. _ 

Seek in the margin of this table the diameter 
or bigneſs of the cord expreſſed in lines, and at 
the top of the table the weights ſupported by this 
cord ; of what you ſhall find under each weight, 


over-againſt the diameter of the cord, make a 


ſum, and divide it by the quantity of inches con- 
tained in the diameter of the pully ; the quotient 
of the diviſion will be the reſiſtance cauſed by the 


ſtiffneſs of this cord. 


Example. =” 
Seek the reſiſtance cauſed by the ſtiffneſs of a 


cord of 18 lines in diameter, loaded with a weight 


of 12393 16. and paſling about a pully 2 inches 


in diameter. 


For 10,000 16. you will find rere 562g 7 


againſt 18 lines 


2000 - ii; 
300 1 
989 —8 50 10 
322 ͤ ¶ 11 


ws. TY 


All theſe ſums added together make 6971 I 
Which being divided by 2 inches diameter of 


the pully give 3485 /5. 8 ounces £ for the re- 
ſiſtance ſought. | 
Moreover, when the ſame cord is not equally 
flexible throughout, we muſt not expect that the cal- 
culation will always agree exactly with experience, 
this not being morally poſſible, but only very 
near: we may fay as much of the frictions, be- 


cauſe the different conſiſtences of the greaſe, 
which 


— 
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which is more or leſs thick, and the parts which 
rub intercepting more or less, make theſe reſiſ- 
tances vary; this does not hinder the uſe of theſe 
rules from ſnewing pretty exactly the effect to be 

expected from a machine, to reckon certainly 
upon it, this extreme exactneſs being otherwiſe of 


no uſe; and we may make uſe of the preſent, 


till more ample experiments give us room to 

eſtabliſh ſome that are more certain. 

The uſe of pullies being very common, it will 
not be improper, before I finiſh this diſcourſe, 


and to make trial of our rules, to compare the re- 


ſiſtances cauſed, both by the friction of the 
_ rundles, and by the ſtiffneſs of the cords in pullies 
of different bigneſſes; and the rather becauſe thoſe, 
who do not uſually attend to theſe reſiſtances, will 
ſee by the calculation, that it is not ſo indiffe- 


rent a thing as they imagine to prefer ſmall pul- 


lies to great ones, becauſe of the ſmall ſpace that 
they occupy. Let it be propoſed therefore to 
raiſe a load of 800.15. with a pully of 24 inches, 


or with one of 3 inches only: in the firſt place, 


it is evident, that in both theſe pullies the rundlzs 
muſt be of equal ſtrength, as well as the cords, 
fince they have an equ al weight to ſupport: let the 
rundle therefore of each pully be one inch in dia- 
meter, and the cord 20 lines; we ſhall. find by 
making the calculation according to the above 
rules, that in the pulley of 24 inches, beſides the 


300 1b. which is wanted to equal the weight of 
the load propoſed to be raiſed, the mov- 
ing force muſt allo be augmented by 

that of 
21 1b. to ſurmount the reſiſtance cauſed by the 
ſtiffneſs of the cord, by that of | 
 YOh. KL Ss . - K 23- 
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22 lb. to ſurmount the reſiſtance caufed by the 
friction of the rundle, and alſo by that of 
: 2 7h, to ſurmount the reſiftance cauſed by the 
ſtiffneſs of the cord, becauſe of the aug- 
mentation of 21 16. and 2a 16. and haf 
4. byahatof 
1 15. to ſurmcunt the tefifiunce ended by: tho 
27 friction of the rundle, becauſe of the ſaid 
augmentation of 21 15. and 22 J. all 
: _ theſe weights together making that of 
$45 15. ſo that a moving force ſuperior to this 
Vweeignt will raiſe with the pully of 24 in- 
ches diameter, the weight 7p of 
800 16. 


Bur with the pulley of 3 inches, the fame 4 
culation ſhews us, that beſides the weight of 
800 Ib. neceſſary to equa! the load, there art? 
alſo be that of 170 5 | 


167 1b. to ſurmount the reſiſtance cauſed by: the 
ſtiffneſs of the cord; that of 

178 6. to ſurmount the reſiſtance cs by the 
friction of the rundle; that of 

37 tb. to ſurmount the reſiſtance cauſed by the 

ſtiffneſs of the cord, becauſe of the aug- 

mentation of the 167 Ih. and 178 16. 

| aarof 

38 15.3 to ſurmount the reſiſtance cauſed by the 

"ftion of the rundle, becauſe of the ſaid 

augmentation ; that of 

8 15, to ſurmount the reſiſtance cauſed by the 

ſtiffneſs of the cord, becauſe of the aug- 

mentation of the 37 /6. and 28 lb. 3; and 

nt that of 
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8 1b. + to ſurmount the reſiſtance cauſed by the 
friction of the rundle, becauſe of the aug- 
* of the ſaid 3716. and 38 16. Fe 


All hich weighty eder make that of 
1236 56. 3, that is, 391 4. 3 more than with the 
pully of 24 inches, in which the cord and the 

rundle do not maks a reſiſtance equal to X of the 
burden, whereas in that of 3 inches the ſame re- 
Rade is more than + the ſame load 
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XI. A deſeri tion of the heart of the tortoiſe, and 
of ſome other Is; by M. du Verney “. 


Fart. I. Sect. I. The ſtructure of the heart of 
the tortoiſe. 


Before 1 opened the heart of the oreat tortoiſe, 
I obſerved, that the ſcale, which cover'd it, was 
2 feet, 3 inches long, to 2 feet 1 inch broad, 
and its under ſcale 1 foot 5 inches long, to 1 foot 
2 inches broad; whereas the upper ſcale of our 
common tortoiſes is but 6 or 7 inches long to 5 £ 
broad, and the under one 3 inches + broad, to 5 
or 6 inches long. 

The pericardium of theſe animals is a mem- 
brane of a very cloſe texture. Thro? all its cir- 
cumference, it is cloſely united with the perito- 
næum, and its capacity is very large in oper 
tion to the bulk of the heart F. 

This heart is ſituated in th: upper part of the 
thorax, above the liver: there is no mediaſtinum. 
In the ſmall tortoiſes, there is a ligament, which 
goes from the apex of the heart, and is faſtened 
to the bottom of the pericardium; there is none 
in the American tortoiſe, This ligament is a 
prolongation of the membrane which wraps the 

fibres of the heart f. 

The figure of the heart of the great tortoiſe is 
hemiſpherical ; its lower part being convex, and 
the upper plain, bur a little dented in the middle, 
which is the place where the auricles and arteries 
are implanted, ſo that this heart pretty much re- 

ſembles the kidney of a ſheep ; but in our ſmall 
tortoiſes it is drawn out a little into a ** 
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In the great tortoiſe, the heart being meaſured 
from the middle of the 54% to the apex is 1 inch 
5 lines; and about 3 inches from one of the ſides 
of the bas to the other; but in one of the parts, 
the diſtance from the middle of the bas to the apex 
is but 6 lines, and 9 lines from one of the ſides 
of the ba/is to the other. | 

We ſee under the right ke of the heart 
of theſe animals, a fort of reſervoir of an oblong 
figure, and pretty like that of a blown up. blad- 
der; it is formed by the concourſe of ſeveral 
veins. The right axillary, and the vena cava 
inferior open into the right ſide of this reſervoir, 
one at top and the other at bottom. On the other 
ſide we ſee in a like ſituation the left axillary, 8 
a vein which returns the blood from the left 
of the liver. The coronary vein and ſome b 
veſſels, which proceed from the neighbouring 
parts, empty themſelves alſo into it; and as the 

jugulars diſcharge themſelves into the axillaries, 
this cauſes the blood of all the veins to be brought 
back into this reſervoir, except that of the veins | 
of the lungs*. 

This reſervoir is furniſhed on the inſide with 
ſeveral fleſhy fibres, which croſs and interlace one 
another, almoſt like thoſe on the inſide of the au- 
ricles of the human heart. All the veins, which 
ſerve to form this reſervoir, are alſo furniſhed 
with fibres, which are interlaced in the n 
manner . 

This reſervoir alſo towards its middle, opens 7 
into the right auricle, on the {ide towards the up- 
per ſcale ||. 

The 2 pulmonary veins riſe along the lower 


Ide of each branch of the trachea ; $ the 9 


* Plate IX. Fig. 3 and Plate X. Fig. . 
+ Plate IX. Fig. 4. | FI 2 and &@ 7 * ; 
: | having 
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having run thro' the pericardium, paſſes behind 
the reſervoir, and advances to the left auricle. 
The left pulmonary vein having alſo run thro? 
the pericardium, hides itſelf behind the axillary 
on the ſame ſide, and unites with the right pulmo- 
nary, to the poſterior part of the left auricle, near 
its neck, where they form a ſort of reſervoir®, 
At the opening of the great reſervoir into the 
right auricle, there are 2 valves ſituated ſomething 
_ obliquely with regard to the right auricle, They 
reſemble 2 eye-lids, and are compoſed pf fleſhy 
fibres produced by thoſe of the auricle. At theit 
exterior angle, they are faſtened by a bundle of 
fibres, which riſing a little obliquely towards the 
bottom of the _uricle, OTE themſelves” and 
are loſt in it. D 
The lower valve has 2 little more extent than 


the upper one, and whe: any Joins: wu” hut 
this aperture exact! 


'The baſon of the little erding is alſo furhiched 
on the inſide with fleſhy fibres, but in leſs quan- 
tity than that of the great reſeryoir. In the ſmall 
tortoiſes (which J have not ſeen in the great one) 
there is at its outlet a fleſhy valve in form of a 
half moon, turned ſo that the angles are towards 
the right auricle. It is like that which is found 
in birds that have the opening of the trunk: of 
the pulmonary vein into the auricle f. 

The auricles are of different bigneſs; che abt 
has a greater capacity than the left: they reſemble 
two purſes, which lying ſide by ſide, are joined 
together at their aperture, that is, at the ſhorteſt 
part; they arg ſeparated from each other at this 
Place by: a. membrane : this enen is a little 


* Fig. I 5 | 7 plate XI. Fig. . 2, 
6 Plate IX. Fig. 2, and Plate VIII. Fig. 3. 
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leaning towards the middle of the bafis of the 
heart. but more to the left fide than the right. 

This membrane is covered in its greateſt part 
with: fleſhy fibres, which are continuations of 
thoſe of the auricles: the bafis of it is quite ten- 
dinous, and ſo thin that you may ſee thro? it; it 
is faſtened between the 2 valves, which are' at 
the outlets of the auricles, and of which we hag 
ſpeak afterwards *. 

I The battom of theſe aurieles is ſpherical, 2 
| much bigger than the place where they join : they 
contract themſelves towards the baſis of the heart, 
and form a ſort of neck, which is divided into 
two by the membranous ien ſpoken. of 
above T. | 

All the infide of theſe auricles - is furniſhed 
with muſcular fibres, which are interlaced ſo many 
different ways, that they compoſe, eſpectally in 
the ſmall tortoiſes, a very ſpongy texture; which 
makes them, when ſwoln and dried, in ſome mea- 
ſure reſemble the ſubſtance of the lungs: the mem- 
brane, which ſeparates them, is quite ſmooth |. 

At the outlet of each auricle there is a valve; 
and theſe 2 valves are Joined together by one of 
their extremities, and covered with fleſhy fibres, 
directed from one ſide of the Bae of the heart to 
the other. The membrane between the auricles, 
is faſtened on the outſide to the middle of theſe 2 
valves, as has been ſaid, and thus makes the ſepa- 
ration in this place. By the ſide, which they 
have at liberty, they may, by falling and be- 
coming concave, let the blood paſs from the au- 
ricles into the heart, and on the other they hinder 
the return of it by riſing. Thus we ſee, that 
tho' theſe 2 valves joined together make a ſort of 

* Plate VIII. Fig. 2. Plate X. Fig. 3. and Plate Xl. 
Fig: 1 and 2. 8 X. Fig. 2 and 3. Plate XI. Fig. 1. 
1 long 
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long ſquare, when they are applied againſt the 
apertures of the auricles, yet, when the blood 
paſſes thither, each repreſents ſeparately the quar- 
ter of a concave oval, oppoſed | and June to ano- 
ther by the ſummit“. 

Theſe valves have this in common with that of 
the foramen ovale of the fœtus, that, when they 
open the paſſage to the blood, they become. hol- 
low like gutters, and when they cloſe and apply 
themſelves againſt the hole, they become flat. 
Two things alſo contribute to apply them againſt 


the hole: the firſt is the impulſe of the blood; 


the ſecond is the action of the fleſhy fibres, which 
compoſe them: theſe fibres from crooked becoming 
ſtrait, and the blood which ſtrikes againſt theſe 
valves thus flatted, and applied againſt their 
hoſes, maintaining chem in this n 

There are 3 cavities in the heart of this animal, 
one is in the right fide of the part which I call 
the anterior, which is that towards the under 
ſcale; the 2 others occupy the part which I call 
the poſterior, which is towards the upper ſcale r. 

Of the 2 cavities in the poſterior part of the 
heart, I ſhall hereafter call the firſt cavity, that 
which receives the blood from the right auricle; 
the ſecond cavity, that which occupies the whole 
left part, and receives the blood from the left 
auricle; and the third cavity, that which is to- 
wards the right ſide of the anterior part of the 

heart, and into which the 1 artery 
bpens. 

The texture of the inſide of the heart, is fur- 
niſhed with fleſhy columns of different ſizes, in- 
terlaced with each other. 

There are ſeveral], which riſing from the mid- 
dle of the poſterior face, up to the be on the 


Plate XI. Fig. 1. and. f Fig, 7, and 2. 
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— * into. the heart by — EX — bi Sai. 
being able to mix calily, and to Faber fan Ws 
cavity into.the other. 
The valve of the outlet of the right. auricle is 
to.diſpoſed, that the blood which; paſſes into it 
flowing from left, to right tends only to fill the 
rſt cavity; which communicating with the third, 
the blood enters at the ſame time: but the valve 
of the left auricle being turned from right to left 


the blood, which mes from it, fills, at firf 


only the ſecond cavity “. 
We have ſaid that che t. texture of filly. _ 


which ſeparates, the firſt cavity from the ſecond, 
leaves a paſſage for the blood to go from one to 
the other. This. paſſage is of the fame length 
with the 2 of the valves, and: is about 3 lines 
in diameter; ſo that the valves being depreſſed, 
there always remains an aperture, and the com: 
munication of the firſt and ſecond cavity is not 
entirely. hindred by it?? 

It muſt be obſerved in this place, that the c com- 
munication of the firſt cavity with the third, is 
made. by an arched aperture, compoſed of fleſhy 
fibres about 2 lines! in diameter. This aperture is 
on the right fide of the anterior face of the 
heart, near - the outlet of the artery, which I ſhall 
call the left branch of the deſcending, aorta *. 

The ſurface of the heart appears all over of an 


equal thickneſs: thence it comes that there being 


2 cavities one upon the other in its right part, 


* Plate XI. Fig 5. ; . 
their 
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cheir ſides are leſs thick than thoſe of the ſecond 
cavity; but the ſides of the firſt are alſo thicker 
chan thoſe of the third “. 

This heart is compoſed of ſeveral orders of fi- 
bres ; the exterior ones deſcribe curve lines, and 
appear to be directed from left to right; the in- 
terior ones form ſeveral columns, as has been 


ſaid, whence ariſe theſe ſorts of partitions, which 


ſeparate the cavities of the heart; and being inter- 
jaced various ways leave as it were ſo many little 
cells, which communicate with each other; which 
makes the heart when ſwoln and AT. to appear 
all over ſpongy. 

Towards the right part of. the anterior face of 
the baſis of the heart, there proceed 3 conſiderable 
arteries: 2 of theſe arteries compoſe the aorta, 
and open into the firſt cavity of the heart. The 
orifices of this are placed between the outlet of 
the right auricle, and the aperture which makes 
the communication of the firſt cavity with the 
third, and they are ſo near as to touch one 
another T. 

The third artery, which is that of the lungs, 
proceeds immediately from the third cavity of the 
heart T. | 

The outlets of theſe 3 veſſels are ſupported by 
an almoſt ſemicircular cartilage, to which allo 
their valves are faſtened; and at each of theſe 
outlets there are 2 figmoidal yalves, which have 
the ſame uſe as in other animals +. 


Theſe arteries are cloſely united; two of them 


are almoſt in front, namely that which I call the 


left branch of the deſcending aorta, and the pul- 


» Fig: 1and 2. + Plate VIII. Fig. 2. Plate IX. 
Fig. 1. Plate X. Fig. 1. and Plate XI. Fig. 5 


1 Fig 2, 3, and 4. 
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monary artery, and behind theſe is that which I 
call the firſt trunk of the-@orta®. 

In our ſmall land tortoiſes, theſe arteries. are 
embraced at their origin by a ring of fleſhy fi- 
bres : there was none in the heart of the American ; 
tortoiſe T. 

Theſe 3 veſſels, after having ilk to a certain 
height, are bent back again. 

This artery, which makes the firſt wank of the 
aorta, ſoon after its origin divides into 2 branches, 
one of which riſes, and diſtributes itſelf to the 
fore parts, and to all the upper parts, I ſhall 
call it the aſcending aorta; the other deſcends 
bending under the ventricle, without making any 
branch, and joins itſelf to the left branch of the 
deſcending aorta, I ſhall call it the right branch 
of the deſcending aorta t. ; 

The left branch of -rhe deſcending aorta bends * 
alſo on the left ſide of the heart, "and without 
making any branch, it deſcends. alſo under the 
ventricle, and in this place furniſhes 2 arteries, 
the ſuperior of which is in the room of the cop- 
liac, and the inferior in the room of the meſ- 
enteric; afterwards it is united with the right 
branch of the deſcending aorta, and theſe 2 
branches thus re- united form the trunk of the 
deſcending aorta, which is diſtributed into the 
parts of the lower belly, and all the lower extre- 
mities . 

The pulmonary artery, which immediately 
touches the left branch of the deſcending aorta, 
ariſes, as has been ſaid, from the third cavity of 
the heart : this artery is very big, and is as much 
in diameter as the firſt trunk of the aorta : after- 
having riſen a little, it divides into two branches, 
* Plate X. Fig. 1. _ - Plate VIII. Fig. 3. 

+ Fig. 2. and Plate IXI + . | 
which 


| whichs are b 9 one of winks goes to BY left 
part of the lungs, and the other to the right“. 

The coronary artery is compoſed of one ſingle 
trunk, which proceeds from the firſt trunk of 


the aorta, a little above the ſigmoid n and 
it is diſtributed « to the heart and auricles U. | 


| Sect, II. The Brufure of the heart 2 the Pos 


The heart of the frog is of a conical figure, | 
| like that of moſt CC ae and incloſed in a Peri- 
cardium, which has leſs e in propertion, 
than that of the tortoiſe.  - | | 
| There is under this heart a fois of round reſer- 

voir, about three lines in diameter. 

The vena cavd inferior, proceeding from, the 
liver, receives a great vein on each ſide; one be- 
longing to the right and the other 0 the left part 

of this bowel. | 

e concourſe of theſe three veſſels Gone prin- 

cipally to form this reſervoir, which receives the 

axillaries on each aps 008 ene vein is alſo 

diſcharged into it T. 

This reſervoir opens ee and towards the 
right ſide of the auricle: its outlet 1s furniſhed 
with two valves, ſituated obliquely with regard to 

the auricle : they form together as it were two 

eye-lids : the upper is larger than the lower, as 
well as in tg tortoile, and they: have the fame 

uſe t. 

To each pen of the jungs G the back, } is 
faſtened the trunk of the vein which returns the 
blood from it; both theſe veins, in quitting the 
lungs, proceed about two lines, inclining to- 
wards each other; and uniting form but one 


* Plate VIII. Fig. 2. Plate IX. Fig. 1. and Plate X. 
Fig. t. - || Plate X. Fig. 3 and 4. + Plate XII. 
Fig. 1. 1 5 
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trunk, which is ſtuck to -the upper part of 
the reſervoir. This trunk alſo opens into the au- 
ricle immediately above the outlet of the reſer- 
voir into the auricle ||, 

There is but one auricle in the heart of this: : it 
is ſpherical, and it not only covers the whole 
baſis of the heart, but has a great deal more ex- 


tent. | 
Its outlet is very large, and furniſhed with two 


valves, one of which is faſtened to that part of 
the Balis of the heart towards the ſpine, and the 

other to the oppoſite part of the ſame bafis : they 
are ſemicircular, ſhaped almoſt like thoſe which 
we call ſigmoid ; ſo that the blood being driven 
upwards in the contraction of the heart ſwells 
them, and brings the two edges exactly toge- 


ther *. f 
In this heart there is only one ventricle, and 


the ſides of it are very thin; the fleſhy fibres of 
Its inner part interlace in ſo many different man- 
ners, that they compoſe a very ſpongy texture. 
There is alſo but one artery which proceeds 
immediately from the right C of the heart: 
this veſſel from its origin lies on the right 
fide of the auricle, of which it covers almoſt = 
and it goes obliquely to the length of about two 
or three lines; and afterwards divides into two 
branches, one of which goes to the right, and the 
other to the left, bending a little: each of theſe 
branches is ſubdivided into three others T. 
Of theſe three the upper one towards the head 
is divided into two branches, one of which is 
diſtributed to all the parts under the throat, and 


the other riſes to the brain. 
Plate XII. Fig. 3. ® Fig. 4 + Fig. 3. 
The 
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The branch of the middle one, which is the 
' biggeſt, bends, and forms the deſcending aorta. 
Over-againſt the arm-pit it is divided into two 
great branches, the ſmalleſtjof which is diſtributed 
to the muſcles under the ſhoulder, upon the back 
and on the head ; the other, which 1s much big- 
ger, forms the axillary. Afterwards this branch 
deſcends below the heart, throwing off ſeveral 
branches, which go to the ſpine ; and uniting 
with that on the oppoſite ſide, they form but one 
trunk, whence proceeds a great branch, which 


— inſtead of the cœliac and meſenteric : this 


trunk is afterwards diſtributed to all the lower 
arts. 

: The third branch, whack 18 the lune divides 
alſo into two others, the ſmalleſt of which is di- 
vided into two branches, which diſtribute them- 
ſelves among the muſcles, ſerving for the motions 
of the head: the other branch is divided into 
three or four conſiderable branches, which at 
their origin are faſtened to the lungs, and make 
an infinite number of other ſmall branches, which 
communicate together, and .embrace on all ſides 
above and below *. 

This aorta has two ſigmoidal valve at its open- 
ing into the heart; and, as we have ſaid, it riſes 
obliquely the ſpace of about three lines, and in 
this place it is covered again with circular fleſhy 
fibres. Within this veſſel, there is in the middle 

a caftilaginous lamina, faſtened only to the part 
of the canal towards the ſpine, and turned ſpi- 
rally from left to right. 

This laminaà is terminated in a ſigmoidal valve, 
and on the ſide there are two others of the ſame 
figure, each ſuſtained by a little cartilaginous but- 
ton: they are all three ſituated at the place where 
plate XII Fig. 5. 5 
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this veſſel begins to divide; and when they are 


| raiſed, they cloſe the entrance very exactly . 


This mechaniſm, which is very ſingular, has 
however a great ſimilitude with that of the aor/a 


of ſome fiſhes. For in the ſkate, and ſeveral o- 


thers, the aorta, at its origin, is alſo cloathed 
with very thick circular fleſhy fibres, to the 
length of about an inch; and there appear on 
the inſide four rows of cartilaginous tubercles, be- 
tween which the blood flows which comes out of 
the heart : each of theſe tubercles ſupports a 
valve, and theſe valves being open, hinder the 
return of the blood : thoſe of the moſt diſtant 
row from the heart are the biggeſt. The figure 
of theſe tubercles is ſo irregular, and the bigneſs 
of the valves ſo different, that it would be te- 
dious to enumerate them particularly *, 


Sect. III. The trufure of the heart of the viper. 


The heart of the viper is formed like that of the 
frog; but is more flat, and the left ſide is more 
elevated than the right: it is placed at about ſix 
inches diſtance from the head, and one inch 
above the liver |}. | Eel 

The pericardium is of a great capacity, and ſo 
thin, that the heart may eaſily be ſeen thro? it. 
There are three venæ cave, one inferior and two 


ſuperior. The vena cava inferior is the big- 


geſt; the ſuperior on the right ſide inoſculates 


with the inferior, and in this place, each of theſe 
veſſels is a little bent f. 

The ſuperior on the left fide paſſing above the 
deſcending aorta, ſticks to the left auricle; and 
making a little elbow, deſcends under the Pa, of 
: + Fie- 6. 5 "4 Big. 8: 
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the heart, to open into the vena cava inferior 
near its outlet . 

The trunk formed by the union of theſe three 
veſſels has its outlet towards the middle of the right 

fide of the right auricle, and this outlet is fur- 
niſned with two valves formed like eye-lids, as 
in the tortoiſe and frog, ſituated obliquely with 
regard to the auricle . 3 
The pulmonary vein is compoſed of two 
branches, one which returns the blood from the 
upper part of the lungs, and is the biggeſt; and 
the other which returns it from the lower part. 

Theſe two veins meet on the left ſide of the left 

\-auricle, and the trunk formed by their union goes 
obliquely above the lower part of the auricle, to 
which it is cloſely ſtuck, to open itſelf into the 
ſame auricle by a very oblique inſertion *. 

The two auricles of the heart of the viper do 
not differ from thoſe of the ſmall land- tortoiſe, 
except in being longer and narrower ; they are 
ſeparated by a partition of the ſame figure. 

At the opening of each auricle into the heart, 
there is a valve, and theſe valves have exactly 
the ſame conformation with thoſe in the heart of 
the tortoiſe. | | 
Laſtly, there are three cavities in this heart, 

the inner configuration of which is entirely like 
that of the cavities of the heart of the tortoiſe ; 
and they have the ſame communication with each 
other. 17h 

Three arteries proceed from the right ſide of 

the bas of the heart: there are two in front, and 
a third behind them, and of theſe three, there 
are two likewiſe, which form the aorta ||, 

The firſt trunk of the aorta riſes to the height 
of four or five lines, and is divided into two 

T Fig. 10. Pig. 11. * Fig. 16. FRO 

| branches, 
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branches, of which the biggeſt that is on the 
right ſide bends, and deſcending about three lines,. 
throws off a branch, which makes the right ca- 
rotid; it then deſcends, and having furniſhed 
ſome branches to the ſpine, it receives the aorta, 
which is on the oppoſite fide. The other branch 
produces the left carotid, We may call this firft 
trunk of the aorta, as in the tortoiſe, the aſcend- 
ing aorta, becauſe it furniſhes blood to all the 
upper parts ||. 

The ſecond trunk of the aorta 1 to the 
height of about three lines, croſſing the two o- 
thers: it bends afterwards and deſcends about 
1 inch ? below the heart, to unite itſelf with the 
aorta on the oppolite nde. In deſcending it 
throws off a branch, which goes to the ven- 
tricle. This branch of the artery may alſo be 
called the deſcending aorta, e it diſtributes 
itſelf only to the lower parts *. 

The third artery, which is that of the Jungs, 
riſes to the height of four lines: 1t lies on the 
middle part of the lungs, and is there divided 
into two branches : this diviſion 1s W 
under the aſcending aorta. 

The branch which is intended for the upper 
part of the lungs, is much bigger than the other; 
and accompanies the vein thro? its W 


Sc. IV. The ftrufure of the heart of Sides; ©: 
Being about to deſcribe the heart of fiſhes, 1 
have made choice of the carp, becauſe it is eaſily 
procured. - 

The heart of this fiſh is ſituated below the 
fauces, which are above the ears, at the bottom 
of the mouth. The cavity, in which the heart 
is incloſed, is covered with a very ſmooth mem- 

ri t Fig. 8. | 

| 5 brane, 
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brane, which is in the place of the ' pericardium 
in ſeveral other fiſhes, but cannot be called fo 
here, becauſe the heart is alſo incloſed in a very 
thin pellicle, which is properly its pericardium f. 

The baſis of this cavity is cloſed by a mem- 
brane, which ſeparates the heart from all the o- 
ther viſcera, and is a continuation of the pre- 
ceding. 

Under the heart there is a reſervoir formed by 
the concourſe of ſeveral veins, three of which 
proceed ſrom the liver, and ſerve only to return 
the blood from the vena portæ, and from one part 
of the ovaries: of theſe three there are two, which 
open on each ſide into the bottom of this reſer- 
voir, and the third diſcharges itſelf into it alſo by 
a very large outlet. Two other veins riſe on each 
ſide of the ſpine, accompanying the aorta; and 
unite an each ſide of the reſervoir with the veins 
which proceed from the ſides of the liver: thus 
theſe two veſſels have on each ſide, in this place, 
but one outlet. The trunk of the vein, which 
returns the blood from the gills, lies above the 
aorta : it deſcends on the right ſide of the heart, 
it is ſtuck to the ſides of the cavity where the 
heart is incloſed, and making a turn, 1t opens into 
the right ſide of the reſervoir *. 

This reſervoir opens above towards the middle 
of the lower part of the auricle : at its outlet it 
has two valves, in form of eye-lids, like thoſe of 
the animals already deſcribed, and thoſe which 
are at the outlet of the vena cava inferior of birds, 
of which we ſhall ſay nothing, becauſe it is fo fo- 
reign to the ſubject we are treating on . 

This heart has but one auricle, but of a great 
capacity. It is applied to the left ſide; and in its 
upper part it forms on each ſide a proceſs or 


＋ Plate XIII. Fig. I. Fig. 2. + Fig. 3. 
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horn, of which the left is bigger than the right : 
its outlet is in the upper part of the left fide of 
the heart. 

There are two valves at the opening of the au- 
ricle into the heart, the one above, and the other 
below, faſtened by all the ſemicircle which they 
form, and open on the ſide of the apex of the 
heart; which cauſes the blood, that flows back 
by the contraction of the heart, to raiſe them, and 
join them to each other, as in the frog F. 

This heart is of a ſemicircular figure, and flatted 
pretty much like a cheſnut: it is placed in ſuch 
a manner with regard to the head, that the two flat 
ſides are towards their gills: its 25 Gs is articulated 
with the aorta by a ſort of gyng/imus ; theſe two 
parts having eminences. and cavities, which re- 
ceive each other mutually |. 

The ſides of this heart are very thick, in pro- 
portion to its bulk, and its fibres are of a very 
compact texture. 

To have the diſtribution of the veſſels in this 
fiſh well underſtood, we muſt have ſome notion 
of the ſtructure of the gills. Wherefore we ſhall 
ſay, that the gills, which are known to ſerve for 
lungs to fiſhes, are, as I may ſay, divided into 
two lobes, each of which is compoſed of four 
laminæ, placed near one another, and ſuſtained 
by four bony arches. We ſhall call that the firſt 
arch on each ſide, which is neareſt the heart. 

The convex part of theſe arches is hollow like 
a gutter, along which the veſſels flow, which I 
ſhall ſpeak of afterwards. The laminæ ſuſtained 
by theſe arches occupy the whole ſpace between 
the maxi!lz and the fauces; they are compoſed of 
a double row of oſſeous lamelle. Each of theſe 
lamellz is formed like a little * z and at its 


„ + FR | Fig. 6. 
I | origin 
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origin has a little ſort of foot, which is thicker 
than the reſt, and hollow underneath in form of 
a gutter: this foot leans only by its extremity upon 
the edge of the arch, to which it is faſtened only 
by means of the very thick membrane which 
covers the arch: the convex fide of this /amina is 
furniſhed quite to the point with threads, which 

_ diminiſh in length as they approach this point; 
and the concave ſide has them much ſhorter, and is 
furniſhed with them only as far as the middle “. 
Theſe threads are bound together on each ſide, 
by a very fine bony membrane, which gathers 
them by the middle almoſt thro* their whole 
length; but as the extremities are not joined, they 
repreſent the teeth of a ſaw T. | 

We have ſaid that each lamina is compoſed of 
a double row of lamellæ; we muſt add, that the 
concave of each of thefe Iamellæ is applied to the 
convex of that which is oppoſite to it, and that 
they are all bound together by a membrane, which 
reaches from their origin to the middle of their 
height, where becoming thicker it forms a ſort 
of ligament, above which it is faſtened to the 
lamellæ by the ends of as many lunulæ, as there 
are ſpaces between them. The reſt of the Iamellæ 
is free, and ends in a very fine and ſupple point f. 
Ihe reſting of theſe /amellz on the edges of 
the arch, being by the extremity of their foot, as 
has been ſaid, there remains in the middle a little 
void in form of a triangular canal, which reaches 
the whole length of the arch, and ſerves to lodge 
the veſſels J. | | : 
Theſe lamellæ are covered with a very fine 
membrane, and ſerve only to ſupport the ramifi- 
cations of all the veſſels of the gills. Theſe veſ- 
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bulk, in proportion to that which it has a little 
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ſels, which run in the gutter of each arch, are an 
artery, a vein, and a nerve. 

Before we ſpeak of the diſtribution of the ar- 
teries, we ſhall obſerve that the part of the aorta 


which riſes from the heart, and has 2 ſigmoidal 
valves, like that of the tortoiſe, is of no great 


above ; for at firſt it ſpreads fo as to cover the 
whole bafis of the heart, then contracting by de- 
grees it forms a ſort of cone, from the point of 


which proceeds the veſſel which is the continuation 


of the aorta. The inſide of its dilated part is 


filled with ſeveral fleſhy columns, which diminiſh 
continually towards the top; and they have be- 


tween their baſes ſorne interſtices, which form ca- 
vities, where the refluent blood is received; which 
ſtrengthens the action of the valves juſt mentioned, 
and produces the ſame effect with the valves in 
he muſculous part of the aorta of the ſkate and 
rog *. 

The canal, which comes out of the point of 


the cone of the aorta, runs between the two 
| lobes of the gills. Over againſt the firſt pair of 


arches of theſe lobes, it makes on each ſide a 
great branch, which is ſubdivided again into 2 
others, the firſt of which runs on each ſide in the 
gutter of this firſt pair of arches, and the ſecond 
in the gutter of the ſecond pair. The ſame trunk, 
in its courſe, divides again into 2 branches, each 
of which goes on its own ſide to the third pair; 
and more forward into 2 others, which go to the 


laſt pair of theſe arches. 


Each artery running along the baſe of each 
lamina, throws off as many pairs of branches as 


there are pairs of lamellæ, and loſes itſelf entirely 


* 


in the extremity of the lamina; to that the aorta 


Fig. . | 
and 
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and its branches run only from the heart to the 
extremity of the gills, where they end ®. For 


the diſtribution of each pair of arteries, ſee 


Fig. 14, and 15. 
On the edge of each lamella there is a vein, 


and each vein diſcharges itſelf into a trunk, Which 


runs in the gutter of each arch, the ramifications 


of which are plainly ſeen in the figures. Theſe 
veins coming from the extremity of each arch, 


which is towards the 54% of the cranium, take 
the conſiſtence of arteries, and are reunited by 
pairs on each ſide. This, for inſtance, which 
comes out of the fourth arch, after having fur- 
niſhed branches, which dictribute the blood to the 
organs of ſenſation, to the brain, and to all the 
other parts of the heads joins itſelf wich that of 
the third arch. Thus 5 — make but one branch: 
This branch, after having gone about 2 lines is 
united with that on the oppoſite fide, and both 
form but one trunk, which running under the 
bafis of the cranium, receives allo ſoon after on 
each fide another branch, formed by the reunian 
of the veins of the ſecond and firſt pair of arches. 
This trunk continues its courſe along the vertebræ, 
and diſtributing che blood to all the other parts, 
| performs the office of a deſcending aorta. Thee 
veins, by their other extremity, which is to- 


wards the origin of the arches, diſcharge them- 


ſelves into a trunk which is inſerted into the re- 
ſervoir . 

The conformity, which is found in the ſtructure 
of the heart of theſe animals, has obliged us to 
deſcribe them at the ſame time. 

But before I explain the uſes of them, it will 
not be amiſs to obſerve, that by the term reſer- 
voir, I mean nothing but a trunk of veins formed 
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by the concourſe of ſeveral others, which is in⸗ 
ſtead of the upper and lower vena cava in the 
tortoiſe and carp; and in the frog, it is nothing 
but the trunk of the vena cava inferior, which 
receives the 2 axillaries ; for tho? this reſervoir or 
trunk is furniſhed with fleſhy fibres, we do not 
pretend to ſay that it is not of the kind of veins, 
__ feeingrthoſe, which open into the auricles and ca- 
vities of the heart of other animals, are alfa 
covered i in this place with like fibres. 


* Part II. The uſes of the heart of the tortoiſe. 


In the deſcription which we have made of the 
ſtructure of the heart of the tortoiſe, it may be 
obſerved, that it differs in many things from that 
of moſt other animals. 

The firſt difference is that of the'ventricles : 
for tho? the three cavities of the heart of the tor- 
toiſe are ſeparated by partitions, yet there being 
openings of communications between them, they 
make properly but one ventricle; whereas there 
are two in men, quadrupeds, and birds; becauſe 
the partition between theſe ventricles ſeparates 
them entirely. We cannot give the cavities of 
the heart of the tortoiſe, the name of right and 
left ventricle, fixing the uſual ideas to theſe 2 
words; becauſe on one ſide, if we conſider them 
with regard to the auricles, and the courſe of the 
venal blood, one of them might really be called 
the right ventricle. and the other the left; but it 
we conſider them with regard to the origin of the 
arteries, the ſame cavity, which we call the right 
ventricle, ſhould alſo be called the left ventricle, be- 
cauſe it gives riſe to the 2 arteries which ſupply 
the place of the aorta: that which we call the 
left ventricle would then have no arteries, and 


what 
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what we call the third ventricle would have nei- 
ther auricles nor veins, which is contrary to the 
conformation of the heart of man, and of molt 
animals. 

The ſecond difference regards the circulation of 
the blood in the cavities of the heart; for in 
men, quadrupeds and birds, all the blood, which 
1s returned by the vena cava, paſſes thro” the 
right ventricle, and from thence into the pulmo- 
nary artery; and all that returns from the Jungs 


enters again into the left ventricle, and from 


thence into the 2 arteries which ſupply the uns 
of the aorta. 

But in the tortoiſe, the blood which is eb el 
from all parts of the body, except the lungs, en- 
ters into the right auricle, by the great reſervoir, 
' which contracting itſelf by the action of the 
fleſhy fibres, with which it is lined on the inſide 
drives it into the auricle; and as the valve, which 
is at the opening of this auricle i into the heart, is 
ſo diſpoſed that the blood which it drives by con- 
tracting itſelf, runs from left to right, it is ma- 
nifeſt that every time the auricle empties itſelf, 
it fills not only the firſt cavity, but alſo the 
third which is only a continuation of it. 


There are 2 valves in form of eye-lids, at the 


outlet of this reſervoir, which in the contraction 
of the auricle join together, and cloſing this 
aperture exactly, hinder the blood with which 
this auricle 1s filled, from returning into this re- 


ſervoir; which obliges it to flow — into 


the venta of the heart. 
We find in birds fuch like valves at the 


opening of the vena cava into the auricle; and 


in quadrupeds, inſtead of valves, we ſee between 
the 2 venz cave and within their opening, ſome 
returns formed by bundles of fleſhy fibres, which 


. 
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difengage themſelves in ſuch a manner about 
theſe veſſels, that they form as it were ſo many 
ſplinteis, ſeeing they embrace not only the ſpace 
between the venæ cave, but alſo their outlet, and 
they cannot contract, without binding in a manner 


theſe 2 veins at their entrance into the auricle. 


In man theſe returns are leſs diſtinct. 
We ſee by this, that theſe ſphincters and theſe 
valves have the ſame uſe: for as theſe valves per- 
mit the blood to enter from the reſervoir into 
the auricle, and hinder the return of it; in like 
manner theſe ſphinRers being relaxed, permit the 
blood of the veins to fill the auricle ; but when 
they contract, they cloſe the apertures of theſe 


"veſſl, and hinder the return of the blood, 


The blood, which is brought back by the 
pulmonary vein, fills the left auricle. In the 
mall tortoiſes, and in birds, there is a fleſhy 
valve at the outlet of this vein, which hinders the 
return of the blood : and afterwards the leit auri-. 
cle contracting, tends only to fill the ſecond ca- 
vity, becauſe of the valve being turned from 


right to left, which is at its outlet. 


By the compreſſion of the heart, all the blood 


contained in the ſecond cavity 1s forced to enter 


again into the firſt, this cavity having no arteries, 
by which it may diſcharge itſelf. At the ſame 
time that the heart contracting itſelf drives the 
blood out of the ſecond cavity into the firſt, it 
drives alſo into the principal trunk of the aoria, 
and the left branch of the deſcending aorta, the 
blood which was contained in this firſt cavity, to 


diſtribute it into all its parts; laſtly 1 in the time 
that the firſt cavity empties itſelf, the blood of 
the third cavity is alſo driven into the artery, 


which goes to the lungs, and diſtributes itſelf 


into their whole ſubſtance. We ſee thereby, that 
| | theſe 
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theſe 3 cavities empty themſelves at the ſarne time, 
and concur to drive the blood into the arteries. 

The ring or ſphincter at the origin of the 
aorta in the fmall tortoiſe, cloſing itſelf imme- 
diately after the contraction of the heart, gives 
room to believe, that its principal uſe is to acce- 
lerate and augment the motion of the blood to- 
wards the extremities. 

In frogs and ſeveral fiſhes, this circular ring 
occupies a conſiderable part of the aorta ; which 
makes us judge, that by its contraction it drives 
the blood alſo with more force towards all the 
parts of the body ; and it ſeems that the valves, 
which are found in greater number in this part of 
the aorta, are intended to hinder the reflux of it. 

The third difference 1s in the manner in which 
the blood is mixed in the cavities of the heart. 
In man, all the blood, which is deprived of its 
active parts, enters into the right ventricle, to be 
carried thence into the lungs, where it muſt receive 
all the preparations neceſſary ro animate and vi- 
vify the parts; and it is afterwards carried into 
the left ventricle, and into the aorta, which di- 
ſtributes it thro? the whole body. 

In the tortoiſe, at each circulation, a little more 
than + of the blood paſſes into the lungs, where 
it receives all the preparations neceſſary for its 
uſes 3; and the blood, which flows into them, is 
_ principally that which is incloſed i in the third ca- 
vity, and is almoſt wholly venal: the other por- 
tion of the blood of the veins, which is in the 
firſt cavity, mixes itſelf with that of the 
ſecond cavity, which is returned from the Jungs ; 
and by this mixture it is gradually impregnated with 
the active parts, with which the firſt was charged 

in the lungs, as much as is neceſſary for the oc- 

caſions of the animals; 3 thus all the blood, which 
5 2 returns 
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returns from the Jungs, is mixed in the cavities 
of the heart of the tortoiſe with that of the veins: 
but in the ventricle of the human heart, there is 
no ſuch mixture made; and all the blood, which 
returns from the lungs, paſſes from the left ven- 
tricle into the aorta. 

Let us here make ſome reflections, in order 
to perceive the differences better, which are be- 
tween the heart of the tortoiſe, and that of the 
other animals, of which we have ſpoken. 

Three things particularly eſtabliſh this diffe- 
rence : the firſt is the communication between 
theſe cavities: the ſecond is, that the aorta de- 
rives its origin from the right cavity : and the 
third is, that the left has no arteries. 

To diſcover the reaſon of this difference, we 
muſt obſerve, that the body of man, and of the 
animals which we have ſpoken of, ſuffers a diſſi- 

ation and a conſiderable loſs of ſubſtance, by 
all the functions performed when awake, and by 
the rapid motion of the blood and ſpirits ; and 
this loſs cannot be ſufficiently repaired, unleſs the 
whole blood diſcharged by the. venæ cave into 
the right ventricle circulates thro' the lungs, in 
order to go into the left ventricle, and from thence 
into the aorta ; becauſe it is in the Jungs that the 
air communicates to the blood ſome parts ſo ac- 
tive and ſo penetrating, that its heat, fluidity, | 
and fermentation depend upon them; it is by 


this mixture that it is rendered fit for nouriſh- 


ment, and that it can, by circulating in the brain, 
furniſh it with theſe quick and ſubtile parts, 
called animal ſpirits, and ſerve in ſhort for all 
the other uſes. 

We muſt not therefore be ſurprized, if man 
(who ſtands in need of abundance of nouriſhment, 


and of a prodigious quantity 8 ſpirits, to furniſh 


ſo 
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ſo many different ſenſations, and all the motions 
of a perſon awake, which are fo violent, and of 
ſo long a continuance) has need alſo, that all the 


blood furniſhed by each of the vere cave ſhould 


circulate alſo thro* the lungs; but it is ſufficient 
for the tortoiſe, which ſpends the whole winter 
in reſt and in a ſort of numbneſs, which can alſo 


live ſeveral months during the greatcit hears of 


ſummer, incloſed in a veſſel, without taking any 
nouriſhment, which has but very ſlow motions, 
and but ſeldom pulſations of the heart, and 
which hardly perſpires at all: ir is ſufficient, 1 
ſay, that 3 of the blood, which comes out of 
the heart, ſhould be carried into the Jungs, there 
to receive the preparations neceſſary for the life of 
the animal, and that this portion of blood ſhould 
be mixed again, with that which is to be driven 
thro* the aorta into all the parts of the body. In 
frogs the 2 pulmonary veins diſcharge themſelves 
into the auricle: in ſalamanders they are emptied 
into the vena cava inferior near its opening into 
the heart: thus in all theſe animals the mixture is 
made, before the blood enters into the heart; 
but in tortoiſes, ſerpents, and vipers, the 2 pul- 
monary veins empty themſelves into the ſecond. 
cavity, and thus this mixture is made in the 
heart. We may therefore ſay that it was neceſ- 
ſary, that theſe cavities ſhould have a communi- 
cation, that the blood, which returns from the 
lungs, might mix ſelf wich that of ths veins 3 
and the aorta was to derive its origin from the 


firſt cavity, which is the place where this mixture 


is made, becauſe it is to diſtribute the blood im- 
pregnated with theſe active particles to the whole 
body. Tho? fiſhes have a great analogy to theſe 
animals, yet the circulation i is performed in them 
after a different manner, ſeeing the blood, which 
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comes out of the heart at each pulſation, is diſ- 
tributed into the gills by an infinite number of 
ſmall arteries, which cover the ſurfaces of all 
the lamellæ, of which they are compoſed; and 
ſince the veins, which bring back this blood, diſ- 
tribute it to all the parts, after the manner of ar- 
terics, The reaſon of this difference is, that the 
ſmall quantity of air engaged between the parts 
of the water, which ſeparates from it only with 
difficulty, and by the compreſſion, which it re- 
ceives between the lamellæ of the gills, muſt be 
applied to a greater ſurface of blood, to furniſh. 
ſufficiently theſe active particles to the occaſions 
of theſe animals. 

Altho' the 3 cavities of the heart of the tor- 
toiſe muſt be conſidered as one ſingle ventricle, 
yet there is room to believe, that all the blood 
which is brought thither by the eng cava and 
pulmonary vein, is not exactly mixed there; the 
ſorts of partitions which diſtinguiſh thele cavities, 
hinder the perfect mixture of it; and the blood, 
which comes from the lungs, emptying itſelf by 
the contraction of the heart into the cavity, whence 
the acrie derive their origin is probably deter- 
mined to fill theſe veſſels, and above all the prin- 
cipal trunk of the aor/a, the aperture of which 
is the largeſt, and the moſt expoſed to the di- 
rection of this vivified blood; and it is this, 
which ſupplies the head, and the upper parts, 
where there is need of a greater abundance of 
active parts. But the pulmonary artery being de- 
rived from the third cavity, which could be fil- 
led only with the blood of the firſt cavity, which 
is almoſt all venal, brings into this bowel only 
ſuch blood as has been deprived of the active 
parts, with which it mult there be impregnated, 


An 
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An explonati on of the figures. 


Plate VIII. Fig. 1. repreſents the heart of the 
tortoiſe incloſed in its pericardium, and ſerves 
only to ſhew the great capacity of the pericar- 
dium, in proportion to the bulk of the heart. 

All that appears thro? it will be explained i in the 
next figure, 

Fig. 2. repreſents the heart, its auricles, and 
veſſels, in their natural bigneſs; and we have ad- 
ded to it a portion of the ſrachea, and of the 
branches of the pulmonary arteries and veins. 

A. The great reſervoir formed by the con- 
courſe of the following veins. 

B. The vena cava inferior. 

Ci. The right axillary. 

D. The jugular on the ſame ſide. | 

E. A vein which brings back the blood from 
the left part of the liver. 

F. The left axillary. 

G. The jugular on the ſame ſide. 


H. H. Two veins which come out of the two ; 


partition lobes. 
I. The het © 
K. The right auricle. 
L. The left auricle. 
M. The pulmonary artery. 
N. The left branch of the deſcending aorta z 
behind theſe 2 veſſels is hidden that which I call 
the pt incipal trunk of the aor/a. 
O. The bend ot the right branch of the de- 
ſcending aorta, 
— The branch which riſes a little beſove it 
makes a bend; it is divided on each ide into 2 
others, which are, | 
Q. The right axillary. 
C. -& 2 
& 


R. 


= — — Ap 
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R. The carotid on the ſame ſide. 

S. The left axillary. 

T. The carotid on the ſame ſide. 

b. 5. Two little arteries which proceed from 
the carotids, and diſtribute themſclves into a gland 
which fills the ſpace left between them. 

V. The right branch of the deſcending acrta, 
which after having made a bend deſcends into the 


lower belly, to unite itſelf with the aorta on the | 


left ſide. 
X. The left bend of the „ aorta. | 
Y. The ſame veſſel, which having er 5 
below the ventricle throw off * 
d. The branch which ſerves for a . 
e. That which ſerves for a meſenterick. 


Z. The place where the 2 branches of the de- 


ſcending gert are again united. 


92 222 where the pulmonary artery goe 


The 3 bend of this vellel, "which; . k 
nd the 2 trunks of the aorta, and is 3 : 
under the bend of the deſcending gt.. 

The ſame veſſel which deſcends on hers ex- 
terior fide.,of. the bronchia, to be implantes at 
e into the lüngs. 

5. Theft . bend of the FOR WOO <> artery 
placed under the left branch of the deſcending 
aorta. ; 
6. The ſame veſſel which Ecends to the left 
ſide of the lungs. "4 

7, +. The pulmonary v veins, which riſe again 
to the interior ſide of the Bronch a. 5 

Fig. 3. repreſents the heart of a ſmall land 7 
tortoiſe. | | 
A. The heart. 

B. B. Its auricles. * 
C. C. The arteries with their bends. 
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D. A ring of fleſhy fibres, which embraces 
theſe arteries at their coming out of the heart. 

E. A ligament which parts from the apex of 
the heart, and faſtens it to the bottom of the 
pericardium. 

F. A ſmal] gland placed between the carotids. 

Fig. 4. repreſents the 2 auricles cut from top 
to bottom, to ſhew the outlet of each reſervoir, 
with their valves. | 

A. The heart. 

B. B. The auricles * 

C. C. The valves, which are at the outlet of 
the great reſervoir. 

D. The ſemilunar valve, at the outlet of the 
ſmall reſervoir, which 1s the third particularity 
contained i in the ſmall land tortoiſe. 

E. The partition, which ſeparates the auricles. 

Plate IX. Fig. 1. repreſents the reſervoirs, 
the veins which compoſe them, and the arteries : 
the whole ſeen thro? the upper ſcale, as the ani- 
mal is in the poſture of walking. 

A. The right auricle. 

B. The left. 

C. The great reſervoir. 

D. The vena cava inferior. 

E. The right axillary. 

F. The vein which brings back the blood from 
the left part of the liver. 

G. The left axillary. 

H. The place where the great reſervoir i is im- 
3 into the right auricle. 

II. The two pulmonary veins. 

K. Their reſervoir. | 

L. The place where it is implanted into the 
left auricle. 

M. The principal trunk of the aorta, which 


did not appear 1n the preceding figures, which 
repreſent 
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repreſent the animal reverſed, becauſe it is then | 
hidden by the two other arterics. 

The reft of the 3 of theſe veſſels was 


deſcribed in Plate VIII. Fig. 5 
Fig. 2. „ the ers and e reſer- - 


vorrs. 8 
A. The great reſervoir, - | 
B. Its union with th. right auricle; 
. The, outlet of. NE: Iniall, xeſcrvoir opened. 
Fig. 3% Tepri | 


{ents the f grea ir naked, 
i ee 
The fort of its outlet, 4nd 


B. The inſertion of the ton 7 
Fig. 4. repreſents the ſame reſet 


to ſhew: he \ nh a with 3 i 18 lined | 


S 


"repre ſor ts t 1 eſervoir formed 
12 — HORS. of The Ju monat 
outlet. | 
Plate X. Fig." 1. repreſents the three arteries 
already deſcribed, cut at the hs of the heart, 
to ſhew their origin and connection. 
A. The principal trunk of the aorta. 
B. The left branch of the deſcending aorta. 
E. he pulmonary arter 8 
Fig. repreſents the het. reverſed on its 2 auri- 
cles, t the — > of the Aer 
vein. h th NNE EET , = 
*A. The heart. 
B. B. Its auricles. 
C. The trunk of the coronary vein. 
D. Its inſert ion into the gre * 
E. E. Its gamifications, WE 


7 
= ! 


f 


the three arteries 


of which 3 are cut at c their a with its auricles 

ſwoln; it ſerves principally-to ſhew how each 

auricle, in contracting felt, makes a fort of 
; canal, 


* 
\-* 


» 8 . 4 l 0 2 r 8-06, 1 Ev «- 
8 „ HY F 8 8 ws 2 
wy 1 -* 7 8 , 2 2 7 8 


«> - v» 


e 


* * 


be? OA * 


\ 


— 
- 
— 
— 
o 


OTIS N x 
5 i „5 %% 1 3 * e 5 wo 
9 4 1 * N + — 3 221 
\ 208 ae. 7 * ; WLAN 22. ; 5 e 5 
Oo pd eee WT . Se 


e | 
1 be... 3 9 , 


% TY ** * wes; 
* x - _—_ 4 
* — 


* 
, SK Spent by 


7 

| My” ©” ” aig 3 
n 

a 6 | | : > N N 3 W WN v nv A 


e US \ 


A * 


* 


We. 


: 
% 


* 
4 
y 1 2 


8 


þ 75 N "uy 3 
655 3 
* 4) = , + 


4 


Us 


ak 


= „ay 
1 . | 
WAY i, 8 r 1 , TATE . 
ONT aro, 


5 : Y N * h. 1 _ 8 W ny l i i OA 
" ; iils 
No nu ni ona 1 

1.76 3 nnd 11 
YN 1 n, . e 
= TR 5 H Fi 47 
! 1 % i vin 16 6 7 6097 
, fl 

WL 


1 
„5 


: : 

* * 

* | ; 

* 
4 
| 2 
1 7 
; f b £E | — : ; 
7 1 oy ox 5 7 . 2 Bs 2 
p * * Q ; ” 7 — 
1 — ; a £4 +2 \ Mt} DE. RS R 
— & —_ a” 2 # s 5 7 
10 I ů —k—(—k u 2 : 
8 — —— 
* P 49 
* — 
- ” 
N 
5 > 


N 


— ene 8 1 cadagnes ok f 
—— q > i, k IM $ Z 
- 
1 N ö — — * 


— ———U— — 
P — — — 2 


——— — 


4 5 : | | | | | 2 


- 


— — 8 — — 2 — 


— — — — —  - re 4 = 


—_— * x of 
— — ——— — — LEE 


— jo in 
Rn tas er cn * , — —_— l | l 


 RoyAL ACADEMY F SCIENCES, 167 
canal, which inoſculates with the cavities of che 
heart. It diſcovers alſo the origin of the coro- 
nary artery. | 

A. The heart. 

B. B. B. Irs three arteries cut. 

C. C. The auricles ſwoln. 

D. D. The place where ** contract them- 
ſelves, and make a canal. 

E. The origin of the coronary artery, lick 
comes our of the principal trunk of the deſcend- 
ing aorta, immediately upon the as of the 
heart. | 

Fig. 4. repreſents the heart in the ſame view, 
the tract of the auricles, and the aperture of their 
inſertions into the heart with the partition laid 
down, becauſe being in front it is hardly ſeen. 

Plate XI. Fig. 1. repreſents the auricles, a 
part of which has been removed to ſhew their in- 
ner texture, the partition that ſeparates them, 
and the valve at the outlet of the great reſeryoir. 
It repreſents the heart alſo with three pieces re- 
moved, one on the right fide to ſhew the third 
cavity, and its hole of communication with the 
firſt ; the other on the left ſide, to diſcover the 
ſecond cavity. Theſe ſections at the ſame time 
ſhew the different thickneſs of the ſides of theſe 

| cavities. The third piece is removed from the 
bafis of the heart, to diſcover as much as poſſible 
the ſituation of the valves of the auricles, the 
fleſhy fibres which compoſe them, and the faſten- 
ing of their partition to the middle of theſe. 
valves. | 

A. The right auricle. 

B. B. The two valves in form of eye-lids, at 
the outlet of the great reſervoir, They are ſhewn 
more diſtinctly above this fun at the place 
marked BB. | 

1 G 
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C. The partition which ſeparates the auricles. 


D. The outlet of the ſmall relexyoir. 3 
E. The heart. Si LA T 
#1. © b 


F. The third cavity. 
G. Its hole of — 2 with the arſe. | | 
H. The ſecond cavity.: | _ i. | 
IE The two valyes of che aur. 
ſeen more eaſily under 4 Foe, marked with 
the ſame letters. 
Fig. 2. repreſents the third cavity of 'the heart, 


and the pulmonary artery; ha of which has been 


einde from the plac © wo on to its n dn 

A. The heart. 7 Ws | 

B. The third cavity opened.“ 

C. The pulmonary artery, Which opens . 
mediately into this cavity. // 

D. One of the two ſigmoidal valves, which 
are at its outlet. They 5 7 be ſeen better in 
Fig. 3 and 4, under the ſame letter. In Fig. 
one of theſe valves is placed on one ſide, and Jo 
Fig. 4, they are both in- their ſituation and blown 


Fig. 5. repreſents the 1125 ſeen thro* the upper 
ſcale, and opened ſo as to ſhew under its bafs 
the two valves at the outlets of the auricles ; a 

a ſmall part of the fame outlets, The orifices 
!tthe 6 on one gde and N above the hole bf. 
communion of the 5 N wich the third. 


2 A. A. The fat de les of the heart which 
have been ſeparated. 6 


B. B. The two valves of the auricles. 
C. . 
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C. C. A part of their outlets, which appears 
under theſe valves. 
D. The orifice of the prineipal trunk ofthe aorta, 
E. That of t. IS. left yen: of the deſcending 
ae | 7 

. The nale of communication of the firſt ca- 
as with the third, which is i on the 
right ſide. 

G. Thefirſt cavity. 

H. The ſecond. 

IIII, The pillats-of fleſh which 2 riſing make 
a ſort of partition, and have been ſeparated from 
tie S part 95 the heart. 

| Mage of communication. 

L. The . which is faſtened to the 
outlet of the arteries. It has been deprived of a 
portion of the membrane which covers it, and 
only one part of it is ſhewn. 

Fig. 6. ſhews the two valves of the auricles in 
particular, marked B. B. 

Fig. 7. repreſents the ſame valves, with the 
outlets of the auricles, and of the two aortæ, and 
alſo the cartilage partly diveſted, and its mem- 
brane reverſed. 

Plate XII. The heart of the frog, 

Fig. 1. A. The reſervoir. 

B. The. vena cava inferior. 

C. C. The veins which return from the liver. 

D. D. The axillaries. 

E. The coronary vein. 

F. The outlet of the reſervoir into the . 

Fig. 2. repreſents the outlet of the reſervoir in- 
to the auricle. 

A. The reſervoir. 

B. Its outlet. | 

C. C. Two valves in form of che lia, 


„ 
„ . 
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Fig. 3. A. The reſervoir ſeen « on the ſide of . 
the ſpine. 

B. B. The pulmonary veins. 

C. Their trunk. 

D. Its outlet into the auricle. 

E. The auricle. 

Fig. 3. repreſents alſo the ſame parts ſen or 
the ſide of the belly, with the auricle, one half 
of which is cut down from _ to bottom, | 

A. Thereſervoir. ths; 

B. B. The two pulmonary veins. 

C. The outlet of the trunk of the pulmonary | 
vein above the ſuperior valve of the reſervoir. 

D. D. The half of the auricle towards the ſpine. 

E. E. The two valves of the reſervoir. 

Fig. 4. A. The heart opened. 


B. B. The two valves, which are at the outler _ 


of the auricle. 
C. The auricle opened. | 
Fig. 5. repreſents the heart, the auricle, its re- 


ſervoir, the aorta, with its principal branches, 2 


and the lungs, of which the right lobe is drawn 
very faint, to thew the veſſels that paſs under- ; 
neath. 

A. The heart. 

B. The reſervoir. - 

C. T. The auricle. 

D. The trunk of the aorta. | 
EE. Its two branches, which diſtributing 
themſelves equally to right and left, are ſubdivi- 
ded into three others. | 

F. The ſuperior branch, which divides itſelf 
into two, of which the exterior makes the carotid. 

G. The carotid. 

The interior goes to the muſcles which are under 
the throat. 

H. The interior. 


A 


75 J. 


J 
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I. The branch of the middle, which is the 
biggeſt. In deſcending it throws off three con- 
ſiderable branches, of which the firſt marked ; 
makes the axillary, The ſecond marked L, 
running under the arm-pit thro* the muſcles of 
the back divides into two branches, of which the 
firſt marked M riſes again, and diſtributes itſelf 
to the muſcles which cover the ſhoulders, and 
the head. The ſecond marked N deſcending 
behind the tranſverſe apophyſes of the verte- 
bræ, throws off ſome branches to right and left; 
ſome of which go to the muſcles of the back and 
loins, and the reſt entering by the holes of 'the 
vertebræ, go to the ſpinal marrow. We muſt 
thus correct this part in the deſcription, where 
theſe laſt veſſels are not juſtly deſcribed. The 
third marked O goes to the ceſophagus. 

P. The meeting of the two branches of the aorta, 
Qi. The artery which ſupplies the you of the 
cœliack and meſenterick. 

R. R. The third branch of the aorta. It di- 
vides into two others. The ſmalleſt marked R 
diſtributes itſelf into the muſcles of the head. The 
biggeſt marked S is the pulmonary N which 
is divided into ſeveral branches. 

Feg. 6. bern. 

- The fleſhy fibres of the aorta. 

Fig, 6. A. The aorta opened. 
B. The cartilaginous lamella in the middle of 
the canal. 

C. C. The ſigmoidal valves at the origin of 
the aorta. 

D. The valve at the extre mity of the lamella. 

E. E. Two other valves, which occupy the 
reſt of the canal. 

Fig. 7. A. The aorta opened. 5 
B. B. The circular fleſhy A EE 
"0-0 eee. 


tubercles which ſuſtain them. hoſe 01 * e f aft 


E. The left. 2D Yi 
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row are much digger than the ceſt. 

> Fig. 8. A, "The heart of the viper, the 1 

which haus Been mkeff bi to a Sia 

arigles. Ws 3 

cending aorta , 
aſcending aof Ae = | 

. The pulmonary artery: 

anch which goes to the ſtomach, and 

from the deſcending aorta. | 


R. The reunion of the two aorte. | 
= The bs C carotid. | 2 7 ET 
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1 
{C. Their union. . —_ * 7 
D. The right N N 


/ F. The heart. 


* ſide, to ſhew- 8 left vena cava ſu 
and the pulmonary veins. 83 
A. The right vena cava ſuperior. 
B. The inferior. 
C. The left auricle ſeen ſidewiſmQ. 
D. T he left vena cava ſuperior, 
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Its outlet into the vena cava inferior. 
. The vein of the upper part of the lungs. 
F. That of the lower part. 
G. The trunk formed by their meeting, and 
its inſertion into the left auricle. | 
H. The b,, 
Fig. 11. A. The right auricle opened. 
B. The meeting of the two venæ cave on the 
right ſide. 
C. C. The two * which are at the opens | 
ing of this vein into the auricle. 
Plate XII. The heart of the carp. 
Fig 1. A. The pericardium. 
B. The aperture, at which the aorta goes out. 
Fig. 2. AA. The reſervoir. 
B.B. Two veins, which ſupply the place of 
85 venæ cave inferiores. | 
C. C. The two venz cave ſuperiores. 
D. D. D. The three veins, which return from 
the liver. 
E. A vein which brings back a part of the 
blood from the gills, and neighbouring 
F. The auricle. 
On the ſide of this figure are the two venæ cave, 
and thoſe of the liver, reunited at ſome diſtance 
from the reſervoir. 
Fig. 3. repreſents the auricle cut frorm top to 
bottom, to ſhew the outlet of the reſervoir. 
A. Thereſervoir. 
B. The auricle cut. 
C. C. The valves in form of eye-lids. 
Fig. 4. repreſents the heart reverſed on the 
right ſide, to ſhew the form of the auricle. 
A. The auricle. 
. ne. . 
C. The aorta dilated. 
Fig. 5. As The heart, 


| B. B. 
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B. B. The two valves which are at the outlet 
of the auricle. | 

C. The aperture which is between theſe valves. 

Fig. 6. repreſents the heart reverſed on the left 
| fide, to ſhew its form better, and in what man- 
ner the aorta, which is very much dilated at its 
origin, reſts upon its baſe. 

A. The heart. 

B. The dilatation of the aorta. 

Fig. 7. repreſents one of the arches ſeen above, 
to —4 the gutter, and the two —_ which com- 

oſe it 5 
5 A. The firſt part of the arch. 

B. The ſecond part. 

C. The gutter. 

Fig. 8. repreſents one of the lamellæ i in | parti- 
cular, we ſpeak of it here before the veſſels, be- 
cauſe they are made to ſupport their ramifications. 

A. The ſtalk of the lamella. | 

B. The threads of the convex part. We ſee 
that they are tied together by a very fine mem- 
brane, but that their extremities are not joined. 

C. Thoſe of the concave part. 

D. The foot with its gutter. | 

Fig. 9. repreſents two lamellæ ſeen in front, 
and furniſhed with their threads. 

A. The /amella, which makes the convex fide 
of the lamina. | 

B. The lamella, which makes th concave 
ſide of the ſame lamina. 

We ſee by this, that the bony threads are lon- 
ger in the concave ſide of the lamella A, and 
ſhorter in the convex fide of the lamella B. So 
that theſe two lamellæ always have their ſhorteſt 
threads towards each other. This is what has not 
been ſufficiently explained in the deſcription, 
where we have ſpoken only of the /amellz, which 
.make the CONVEX ſide of the lamina, Fig, 
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Fig. 9. repreſents the lamellæ ſeen ſidewiſe, 


and parted, to ſhew the membrane which con- 
nects them, and cord which terminates it. 


A. A. A. The membrane, which bonne the 
lamellæ. 


B. The cord which terminates it. We ſee how 


this cord forms as many Junulz, as there are 
ſpaces between the lamellæ. 
Fig. 10. repreſents the canal formed by the 
meeting of the gutter with the two feet of the 
lamelle. 
Fig. 11. repreſents the aorta opened, to ſhew 


the fleſhy columns, with which it is furniſhed on 


the inſide, which makes it very much ſwoln in 
this place. 

Fig. 12. repreſents the diſtribution of the 
aorta. 
„A. The heart. 

B. Theauricle. 

C. The aorta dilated. 
D. Its diviſion into four branches on each ade 
We ſee that each of theſe branches running thro? 


the whole length of the lamina terminates entirely 


inn metres. * 

E. E. E. E. Four twigs which detach them- 
ſelves from each branch about an inch from their 
origin, and diſtribute themſelves to the beginning 
of each Iamina. The ſame figure ſhews how each 
branch is divided into as many twigs as there are 
lamellæ. | 


Fig. 13. repreſents a portion of a lamina de- 


tached from one of the ſides of the gutter, and 
a little reverſed, to ſhew how the artery is incloſed 
in the middle of the void, which the feet of the 
lamellæ leave between them. It is diſengaged 
from the vein which covers it, and a little drawn 

downwards, 
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downwards, for the better diſcovery of the pairs 
of branches which it gives to dee, KR 
A. A. The gutter. 
B. A portion of the /aming. 
C. The artery with its branches. 1 
Fig. 14. A. A. repreſents a pair of laminæ de- | 
prived of their veſſels. 
Fig. 14. A. The trunk of the artery indeed 
in the gutter of the arch. 
B. B. The two branches of the fame artery, 
which riſe along the inner edge of each lamella. 
C. The place where the two branches make an 
anaſtomoſis. ; 
D. D. D. Their little tranſverſal argeries, which 0 
cover the flat of each Iamella. = oY 
E. E. The tube which ſerves for a vein, 3 


is depreſſed on the exterior edge of each lamella. 


in which alfo their little tranſverſal arteries imme- 
diately inoſculate. | 7 
F. The trunk of the vein incloſed | in the gut- 
ter of the arch. 
Fig. 15. repreſents the ſame arteries detached i 
from the lamellæ. 1 
Fig. 16 and 17. repreſent the diltribution of 
the veins of the gills. - | 


We there fee, that the vein incloſed i in each arch * 


receives almoſt + of the diftance from each of its 
extremities two branche each of which returns 
from each row of the lamina to which it is ap- 
plied, whereas it is the middle of this vein that 

furniſhes itſelf to the part of the middle of this 


| lamina, under which it is couched. This diftri- 


bution 1s made thus differently, only to make the 
courſe of the veſſels, which go to the lamellz, 4 
more ſure and eaſy. 


AHA. A, The trunk e vena the gin, 
which is ouched above the aorta. ; 


B. B. B. B. 
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B. B. B. B. The place where each vein — 
into three, | 

C. C. C. C. The place where theſe veins are 
inſerted into the trunk marked A. 

D. D. D. D. The place where each of theſe 
veins ſubdivides into three more; of which there 
are two alſo, which return from the /amelle. 

E. E. The place, where theſe veins are re- 
united by pairs on each ſide. 

F. The trunk formed by their meeting. It is 
to be obſerved, that as ſoon as each of theſe veins 
comes out of the extremity of the gutter of the 
arch, the ſides of their canal become thicker, and 
5 take the ſame conſiſtence with the arteries, where- 
as all the reſt of theſe veins is as thin and fine as 
the fineſt lymphatic veſſel. 

6. The branch of the laſt arch, which before 
the reynion caſts off ſeveral branches, which go to 
the eye, the noſe, the brain, and to all the neigh- 
bouring parts of the head. 

It ſupplies the place of the aſcending aorta, 
and the trunk formed by the meeting of. theſe 
veins, which are become arteries, ſerves for a 
deſcending aorta. 
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PAPERS contained in the ABRIDGMENT 
of the HisToRy and MEMOIRS of the 
RoyYar ACADEMY of 'SCIENCEs at 
PaRi1s, for the Year Mpcc. 


In the HISTO RY. 


L N ſome fngularities of France. 
II. On the apparent largeneſ of the bori= 
ZLontal moon. 

III. On 4 bady of fire ſeen in Normandy. 

IV. On the yellow amber, 

V. On a change made in the texture of bodies by 
exterior motion only. 

VI. Of the trembling of "ihe nerves of a frog after 
death. 

VII. Of a ftone found in the bladder of a mare. 

VIII. Of a monſtrous double leveret. 

IX. On a new teleſcope-glaſs. 

X. On the centres of converſion, and on frictions. 

XI. On the bodies which ſwim in liquors. 

XII. A falſe report of the perpetual motion being 
diſcovered, and the impoſſibility of it demon- 
 frrated. 


In the MEMOIRS. 


I. An obſervation on the barometer, thermometer, 
and quantity of rain and ſnow-water, that” 
fell at Paris in the royal obſervatory, during 
ihe year 1699, by M. de la Hire. 1 

L 2 . 
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II. 4 new manner of rendering barometers lumi- 
nous, by M. Bernoully, profeſſor at Gro- 
ninguen. 

III. Remarks on the conſtruction of ' pendulum 
clocks, by M. de la Hire. 

IV. An extra of ſome letters written from Por- 
tugal and Brazil, &y M. Couplet the ſon, to 
the Abbe Bignon, angie of the Royal Na- 
demy of Sciences. 

IV. 4 2 method of throwing bombs, in all 
caſes propoſed, with an univerſal inſtrument 
for this purpoſe, by M. dela Hire. 
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AN 


ABRIDOMENT 


„ i THE 


4 
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Pu1Lo80PHICAL Discovzxirs and Ox- 
sERVATIOxMs, in the HisToRy of the 
ROYAL. ACADEMY. of SCIENCES at 
Bak for the Year . E t 


bp 'On fome fngulariti: es of Frans ce. 


8 the academy continues its deſign of ex- 
A amining all the wonders of the natural 
hiſtory of France, there has been mention made 
of the Mg ne de P Aiguille in Dauphiny, other- 
wile called the inacceſſible mountain. The ſitu- 
ation of it 1 reverſe, and it is pitched if I may 
ſo ſpeak, on its ſummit and point, for it is but 
160 Paces round at its baſe, and yet is 2000 at 
Hence it obtains the name inacceſſible : 
| wy Moy when Charles VIII. went into [taly in 
1492, he ſent ſome perſons of ſufficient courage 
and dexterity, to climb up to the top of this 


mountain. They found only Chamois upon it. 


and i: is not eaſy to comprehend, how theſe ani- 
mals, which had uſed no induſtry, could get thi- 
ther. There were no trees ſeen upon it, there 
being only a meadow. The way that they took 
to go up might be about half a league. Upon 
the platform of this mountain there is a pointed 
elevation, on which account it is called Montagne 
de Þ Aiguille, or the needle mountain. 

Another ſingularity of Dauphiny is the grotto 


of Notre Dame de la Balme near Grenoble. It 


opens with a pretty high arch; and leads to a 
| lake 
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lake incloſed under the mountain, and ſeeming 
to be a league broad. When Francis I. was in 
Dauphiny, he ſent thither ſome people in a boat, 
who went above 2 leagues upon the lake, but be- 
ginning to hear a great noiſe they were afraid, and 
proceeded no farther, and placed ſome lighted 
torches upon planks, which they ſaw diſappear 
in a certain place, which probably was a whirl- 
pool. A clergyman of that country went thi- 
ther a few years afterwards, and whether he took 
another way in the grotto, or was leſs eaſily 
frighted, or had an imagination leſs diſpoſed to 
the marvellous, he has. left a very different, and 
much more ſimple relation of this voyage. He 
ſaw ſome falls of water, he found fome places 
that were dry, and others where the arch was ſo 
low, that there was no parting without lying down 
flat in the boat. This laſt circumſtance may give 
us ſome trouble, but in ſhort the marvellous ſinks 
_ conſiderably in the ſecond relation. 

This is what has been related in books con- 
cerning this grotto, and the inacceſſible moun- 
tain, But M. Dieulamant has given himſelf the 
trouble to ſend the academy. a relation of the 
grotto, which he has examined with his own eyes, 
and it preſerves no farther remains of its ancient 
wonders. It is irregularly hollowed in the rock, 
and its entrance may be 4. or 5 toiſes in breadth, 
and 5 or 8 in height. At the bottom of this 
entrance, there comes out a little rivulet which 
flows into the Rhone: This rivulet was almoſt 
dry in Auguſt, when M. Dieulamant went to fee 
the grotto, but he judged by the channel, that 
it was always very ſmall, The grotto is forked. 
In the part on the right hand, there are a great 
many congelations of the water that diſtills thro? 
the rocks. In the part on the left hand, ſome 
I | waters 
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waters diſtil, which make part of the rivulet. 
They fall at firſt into a pretty large natural baſon, 
below which. there are ſeveral: other ſmall. ones, 
which make a pretty agreeable caſcade. At the 
end of this grotto is a ſort of opening hollowed 
alſo in the rock, at the baſe of which is the wa- 
ter that forms the greateſt part of the rivulet. 
This 1 is what is called the lake, | becauſe the, water 
is dormant. It is half a foot, or at moſt a foot 
in depth. The alley, where this ſort of lake is, 
appeared to M. Dieulamant to be not above 20 
toiſes in length, contracting itſelf a little; for 
from the beginning where he was, he thought he 
ſaw the end with torches. The people of the 
country affirmed that there was nothing beyond. 

This however 1 is the 1 where the cen were 
ſwallowed. 

If M. Dieulamant had ede the inac- 
ceſſible mountain, pe that alſo might have 
been reduced. 

The floating Nands- in a lake near St. Omer, 
have alſo. been reviewed, and found to be leſs 
wonderful, They are properly nothing but tufts 
of the roots of graſs mint wich a little fat earth. 


II. On the apparent largeneft of the bori- 


Zontal moon. 


I 


It ſhould ſeem that the apparent largeneſs of 
an object, muſt depend on the largeneſs of the 
image that it traces on the bottom of the eye, 
and yet ſometimes the contrary happens, and the 
moon of which our eye receives a ſmaller object 
at the horizon than ar the meridian, becauſe it is 
then farther from us, appears much larger at the 
horizon, 


This 
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This Phenomenon has very much embaraſſed | 
the greateſt philoſophers among the mederns, 
as it often happens that when we give very diffe- 


rent explications of one and the ſame thing, none 
of them is true. F. Gouye has not been contented 


with what has hitherto been imagined on this 
ſubject : Deſcartes ſays that when the moon riſes 
or ſets,” a long ſeries of objects oppoſed between 
us, and the extremity of the ſenſible horizon, 


make us imagine it farther off than when it 


is in the meridian, where our eye ſees nothing 
between it and ourſelyes, that this appearance of a 
greater diſtance makes us imagine the moon large 

becauſe an object that we ſee under a certain 1 4 


and think at the ſame time to be very far off, na- 


turally makes us judge it to be very large, to ap- 
pear ſo far off pho. that angle, and thus a mere, 
tho neceſſary judgment of our mind, which is 
common to alt! men, makes us ſec the moon lar. 

ger at the horizon, in ſpite of the ſmaller image 
that is painted on the bottom of the eye. But 
F. Gouye at once deſtroys this ſo ingenious aft 
explication, by affirming that the more the hori- 
zon is bounded, the more large the moon appears 
to us. M. Gaſſendi Pretends that the pupil of 
the eye, which is conſtantly moſt open in the 
dark, being more ſo in the morning and evening, 
becauſe thicker vapours are commonly ſpread 
over the earth, and becauſe it muſt alſo traverſe 


a longer way to look at the horizon, the image 


of the moon enters the eye under a greater an- 
gle, and paints itſelf really larger. But notwith- 
ſtanding this dilatation of the pupil cauſed by 
the darkneſs, if we look at the moon thro' a 
little tube of paper, we ſhall ſee it ſmaller at tie. 


horizon. 
% To 
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To find any reaſon therefore for ſo odd a 
Phenomenon, F. Gonye conjectures that when the 
moon is in the horizon near the earth, the thicker 
vapours, with which this planet is then encompaſſed 
with regard to us, have the ſame effect with a 
wall placed behind a column, which then appears 
much bigger than if it ſtood by itſelf, and was 
encompaſſed on all fides by an enlightened air. 
Befides a fluted column appears bigger than a 
plain one, becauſe the flutings make ſo many par- 
ticular objects, which by their multitude give 
room to imagine, that the total obje& which 
they compoſe is of a greater bulk. It is much 
the ſame with all the objects that are ſpread on 
that part of the horizon, with which the moon 
correſponds when it is near them; which cauſes * 
it to appear greater when it rifes behind trees, the 
intervals between which being cloſer and more 
obſervable, have almoſt the fame effect on the 
apparent diameter of this planet, as a greater num- 
ber of flutings would have on the body of a 
pillar, + 


III. On 4 body of fire ſeen in Normandy. \ 
The 7th of Jan. an hour before day, there ap- 


peared to the inhabitants of /a Hague in lower 
Normandy, a body of fire fo bright that it eclip- 
ſed the light of the moon, and that the inhabi- 
tants of S. Germain des Vaux, and of Auderville, 
two great villages ſituated on the banks of the 
ſea, thought it at firſt to have been day, and 
were much frightened at ſuch a prodigious light. 
The figure of this fire was like a great tree, and 
ran from W. N. W. to E. S. E. it did not fall till 
an hour after day- light, and then with ſo great a 
noiſe, that the houſes of thoſe two villages ſhook 
Vol. LE Az. with 
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with it. They who were 12 leagues from Cher. 

Bourg, thought it had fallen on Valognes, and they 
of Valognes thought it had been on Cherbourg. 
But as the inhabitants of /a Hague were the only 
ones who heard the noiſe, and felt the ſhock cauſed 
by its fall, they are the more credible witneſſes in 

this point. It appear'd to them as if this flame 
was loſt in the ſea, near the little iſle of Origni, 
and this appearance was not much unlike that of a 
great ſhip on fire. The academy was obliged to M. 
de Seneſſey a gentleman of Jower Normandy for 
the information they received of this Magee 


IV. On the yellow amber. 


It is commonly thought that yellow amber, 
which is found in the Dantzzck ea, is a gum which 

is produced, and falls from certain trees ſituated 
on the banks of this ſea. But M. Tournefort re- 
ceived an account from Aix, that yellow amber 
is to be found in the moſt bare and barren cliffs 
of the rocks of Provence; which ſhould incline 
us to believe that this gum is mineral and not 
vegetable; and that the amber which is in the 
ſea of Dantzick, did not fall therein from trees, 
but was conveyed thither by land floods. 


v. On a chan ge made in the texture of bodies 
y exterior motion only. 


It is well known what force an inward motion 
hath, when diffuſed thro? all the inſenſible parts 
of a body to change the texture of it, and pro- 
duce great alterations. But that a meer outward 
motion, which ſeems to terminate in the whole 
maſs without agitating the parts, ſhould produce 


the ſame effects, is mim more ſurprizing, 
a 
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at leaſt to a natural philoſopher, M. Homberg 
ſays, that having tied a bottle of wine to the 
clapper of a mill, he found that the motion of 
this clapper alone had changed the wine into 
very good vinegar in the ſpace of three days; and 
that a pound of quickſilver had by the ſame 
means in three months time, given 44 or 5 ounces 
of a blackiſh powder. | 


VI 07 the e of the nerves ; of a 
frog after death, - 


M. Du Harney ſhewed a frog j juſt Fae? which 
in taking the nerves of the belly of this animal 
which go to the thighs and legs, and irritating 
them a little with a ſcalpel, trembled and ſuf⸗ 
fered a ſort of convulſion. Afterwards he cut 
theſe nerves in the belly, and holding them a 
little ſtretched with his hand, he made them do 
ſo again by the ſame motion of the ſcalpel. If 
the frog had been Jonger dead, this would not 
have happened, in all probability there yet re- 
malnęd ſome liquor in theſe nerves, the undula- 
"tic of which cauſed the trembling of the parts 
where they correſponded, and conſequently the 
nerves are only Pipes, the effect whereof — 
upon the liquor which they contain. 


VII. Of @ a ftone found in ' the Bladder „ 4 


mare. 


The academy bas ſeen | in the hands of M. Le- 
mery, a ſtone found in the bladder of a mare, 
which weighed 23 ounces 7 drams. It is 4 in- 
ches + in diameter one way, and 4 £ the other: 
It is the ſize of a midling melon, covered with 
a fort of ſmooth and ſhining ſkin. Its ſubſtance 
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1s aſh-colour, and it 1s hardened ſince it has been 
drawn from the animal, altho' it is ſtil] very fri- 
able. It has alſo loſt in drying a very _—_— n 
of urine, which 1 it had ar 


VIII. Of 6 a monſtrous double beer. 


M. Lemery brought alſo to the aſſembly. a mon- 
ſtrous leveret, or rather two leverets joined toge- 
ther from the head to the breaſt. They had but 
one head and one face, the? they had four ears. 
In the place for the mouth there was only a little 
cavity without any opening to receive the nouriſh- 
ment. Nevertheleſs they lived, and even out of 
their mother's belly; — they were taken with 
the hand by a huntſman. This double animal 
was walking in a wood, but one of the leverets 
drew ane way, and the other another way, fo 
that they did not get forward at all. They told 
M.. Lemery, that in opening them, they had 
found in each a heart, lung. and i flamach, all 
ſound, STU | 


IX. On a new o teleſeepe- gl. 


N. Thehirnhaus has in formed the learned of the 
effects of a new glaſs which he has made. 
This glaſs is convex on both ſides, and 32 feet 

of focus, but 1t'1s extraordinary by the largeneſs of 
its diameter ; for as the. greate ſt glaſſes of the ſame 
focus, which have hitherto been uſed are only 4 
or 5 inches in diameter, this is more than a Rhe- 
iſo foot, and at firſt it had two feet, but it was 
injur'd by accident. From hence we may judge 
what the machine muſt be that M. 7, ſcbirnbaus 
has invented to ou great _ pl | 
| All 


All dioptricks ſeem to be reverſed by the ef- 
fects which it produces, For example, the com- 
mon object glaſſes of teleſcopes, tho ſmall enough 

already, have very little aperture left them, and 
yet M. T{chirnbaus leaves his yo open, not- 
withſtanding it is ſo large. 

To underſtand the reaſon of the common prac- 
tice, and the particularity of this of M. T/chirn- 
haus, you muſt know exactly how the image of a 
luminous point, the rays of which have traverſed 
it, is made in the focus of a convex glaſs. Let us 
ſuppoſe this glaſs to be an entire hemiſphere. The 
rays that the luminous point ſends upon the ſur- 
face of this hemiſphere, do not reunite them- 


ſelves, after having croſſed it, upon one ſingle 


point of its axis, as we might imagine, from the 
rules of the focus, and of the reunion commonly 
uſed in this ſubject. On the contrary they have a 
pretty large ſpace, but much leſs than the ſurface 
of the hemiſphere on which they were before 
ſpread. Thus altho? they are not exactly reunited, 
they are more cloſe one to the other than they 
were. Moreover, in the extent of the ſpace 
which they fill, they are unequally claſe, leſs fo 

toward the extremities, and much more toward 

the middle, that is toward the axis of the hemi- 
ſphere, and there one would think they were en- 
tirely united in one point. Theſe rays nearly 
united upon the axis, are thoſe which are entered 
toward the axis, that is, towards the middle of 
the hemiſphere, and as all the others, which fall 
upon the reft of the ſurface, unite very ill, they 
take away all this remainder of the bemiſphere, 
and preſerve only the middle of it to make the 
objects. But there is alſo another obſervation to 
be made. The rays which have hcerf retracted, 
FEY natu- 
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naturally form colours and Iris's, unleſs they are 
not reunited by the refraction, or at leaſt extremely 
locked againſt each other. Thus an object glaſs, 
which is only a little remnant of the hemiſphere, 
is nevertheleſs commonly very large, becauſe it 
receives rays towards its edges, which after being 
refracted do not again cloſe themſelves enough, 
and make JTris*s very inconvenient to the obſer- 
vers. It is for this reaſon they cover the edge of 
the object glaſs, and that they leave only a little 
round extent about its axis. 

M. T/cbirnbaus diſapproves of this practice, i in 
all appearance ſo well founded, and ſuppoſes there 
are many other errors in opticks, which ſhould be 
rooted out. He does not leſſen at all the great ſurface 

of his object glaſs, but he has ſome ſecret about it. 
which he has not yet diſcovered. It is always cer- 
tain, that it would be advantageous to leave a 
larger aperture to the object glaſſes provided 
there i is no other inconveniencies, becauſe there 
would come more rays to the ſame point. 

M. T/chirnhaus's object glaſs may be uſed 
without an eye-glaſs, which is a very great ad- 
vantage, for the more glaſſes there are in a te- 


leicope, the more rays there are reflected upon 


their ſurfaces which are Joſt to the obſervers. M. 
Tychirnbaus allo aſſures us, that the objects ſhew 
themſelves more clear with his fingle glaſs, than 
they have yet been ſeen with teleſcopes. He af- 
frms alſo, that they appear more clear, than to 
the naked eye, althoꝰ ſome reflections of rays are 
neceſſarily made upon this glaſs, but this loſs is 
probably more than recompenſed by the great 
number of rays inthe ſame point, which the great 
extent of its ſurface and focus cauſes t to enter into 


the eye. 
This 
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This glaſs may be uſed without a tube, and in 
another manner than that which M. Huygens men- 
tions in his aſtroſcopy. For the object ſhews it- 
ſelf always diſtinctly, notwithſtanding the rays 
of the ſun which paſs between it and the eye. 

The ſpace which may be ſeen at once with this 
glaſs, is of an incredible ſize, M. T/chirnhaus 
affirms, that without tube or eye-glaſs, he has 
ſeen, very diſtinctly at noon, an entire town at the 
diſtance of a German mile and half. 

So many ſingularities of M. T/chirnhaus's glaſs 
foretel great and happy novelties in dioptricks. 


X. On the centres of converſion, and on 
| Frictions. 


If a ſtick be laid upon a ſtagnant water, and 
drawn by a thread fixed to it, ſo that the thread 
makes always the ſame angle with the ſtick, for 
example, always a right angle, the ſtick will be 
found to turn upon one of its points which will 
be immoveable, which M. Parent calls the centre 
of converſion. We may ſuppoſe for the greater 
eaſe, that the thread be faſtened to one end of 
the ſtick. _ | | 

This effe& ariſes from the reſiſtance of the 
fluid, and from the manner wherein it divides. 
For let us imagine the firſt moment of the traction; 
it is certain, that the reſiſtance of the parts of the 
fluid which are to be diſplaced, tends to make 
the ſtick turn about the point where the thread is 
faſtened, ' as about a centre, ſo that in the preſent 
ſuppoſition, the ſtick deſcribes exactly a quadraar 
of; a Circle, after. which the fluid would no longer 
reſiſt the ſtick lengthwiſe. Bur if this circular 
motion is executed, the free end of the ſtick, and 
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the parts which are neareſt to it, would deſcribe 


longer arches of circles than the others, and have 


a greater velocity. The refiſtance therefore of the 
fluid, which tends to impreſs a circular motion on 
the ſtick about the point where the thread is tied, 

tends to impreſs a greater velocity on the parts, 
| which are towards the other extremity, or, which 
comes to the ſame thing, theſe parts have need of 
a greater velocity, to ſurmount the reſiftance of 


the fluid, ſo that the ſtick does not take this cir- 


cular motion about the point where the thread is, 
or the reſiſtance of the fluid is greater towards 
the free end of the ſtick, and ſtill leſſens from 
thence towards the other end. Now we muſt 
ſuppoſe, that all the columns or threads of water, 
which reſiſt the ſtick, are of the ſame length, or of 
the ſame maſs. Therefore we may find 1 upon the 
ſtick ſuch a point, that taking a greater number 
of theſe threads on the ſide where they reſiſt leaſt, 
and a leſs number on the ſide where they reſiſt 
| moſt, there will be an exact compenſation, and 
the forces will be equal on both ſides. It is this 
point which is the centre of converſion, and as 
the ſame reaſoning has place in all moments of 
the traction, which i is made always in the ſame 
manner, this centre is always. the ſame point. 

If the angle of the thread with the ſtick ſhould 
ceaſe to de a right one, and become obtuſe, the 
centre of converſion would nevertheleſs be always 
at the ſame point, becauſe the reſiſtance of the 
fluid, altho leſs in itſelf, is always according to 
the ſame proportion, greater towards the free 
end of the ſtick, and leſs towards the other end, 
which appears viſibly by the circular motion 
which it always tends to impreſs on the ſtick, al- 
tho* this motion need not be an entire quadrant ol 


a gircle. But if, after having drawn the ftick by 
| its 
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its thread under a right angle, we draw it under 
an obtuſe one, the centre of converſion, which 
would not change its place upon the ſtick, would 
change it in the fluid, becauſe the whole ſtick 
would make a motion, and we ſhould not ſee it 
turn any longer upon the ſame immoveable 
point. REES 

'The grand queſtion is to know preciſely at 


what point the centre of converſion is to be found, 


and it is this, which M. Parent has determined 
by an algebraical calculation, adding ſome other 
general conſiderations of mechanicks, beſides 
thoſe which are particular to this phænomenon, 
and which are the only ones that we have related; 


he finds that if the ſtick drawn by one extremity - 


be a fingle line, divided into 20 parts counting 
from the thread, the centre of converſion will be 
nearly on the 13th. If it be not any more a line, 
but a ſurface, or a ſolid that is drawn, there will 
be ſome change in the ſituation of the centre of 
converſion, according to the ſurface or the ſolid. 
All this requires a great detail of algebraical cal- 
culations, into which M. Parent has entered. 

If inſtead of ſuppoſing here that the body drawn 
ſwims upon a fluid, we ſuppoſe it upon a rough 
uneven plane, the reſiſtance of the plane to the 


motion of the body will always divide itſelf in 


the ſame manner, and determine the ſame centre 
of converſion. ORE 

This reſiſtance is exactly what they call the 
friction, ſo prejudicial to the effect of all ma- 
chines; and the theory of centres of converſion 
which might appear at firſt very little uſeful, 
has been of ſervice to M. Parent, in the inqui- 
ries and determination of the force of frictions. 
To confine in certain bounds this queſtion, 
which makes innumerable and conſequently in- 
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folvable, the endleſs differences of ſurfaces which 
may rub together, M. Parent conſiders only one 
body perfectly hard, which rubs either upon a 
very hard body, or a very ſoft one, that is, a 
fluid. Theſe two extremes being once known, 
we ſhall judge pretty nearly of all thoſe which. 
are between hen. 5 
Each of theſe two caſes divides again in two, 
for it is a queſtion to know the neceſſary effort 
either to move the leaſt that is poſſible, that is 
to begin to move one body upon another, or to 
move them with a certain given quickneſs. 
If the body, upon which the very hard body 
muſt move, is fluid, experiment alone can de- 
termine the ſize of the firſt effort, but this firft 
effort being once found, thoſe which will be neceſ- 
ſary to impreſs ſuch velocity as we would, will 
be between themſelves as the ſquares of theſe ve- 
locities, for the reſiſtance of the fluid does not 
increaſe only, becauſe the body, which is moved 
upon it, is moved faſter, but alſo becauſe being 
moved faſter, it meets and ſhocks many more 
particles of the fluid, which makes a double 
ratio, or ſquares. 


If the body upon which the very hard body is 
moved, be alſo very hard, M. Parent conſiders 
the two ſurfaces of them as quite ſet round with 
equal hemiſpheres, ſo that the hemiſpheres of the 
upper bodies are engaged in thoſe of the lower. 
They muſt be diſengaged and raiſed to begin the 
motion. This figure helps M. Parent to make a 
calculation, and he finds by pure geometry that 
in this ſuppoſition, to raiſe a weight of 20 6. 
there would be required a force which was either 
1475. when one of the hemiſpheres of the upper 
body muſt be raiſed above two of the lower, or, 
only 7 /5, when it was to be raiſed above one. 
Now 
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Now as theſe two caſes meet at once with regard 
to the different parts of the ſame ſurface, there 
is then required a mean force between 14 and 7, 
or between 11 and 10. This proportion is ex- 


actly that which M. Amontons has determined by 


the experiment of glaſſes and their poliſhers, which 
are very hard bodies, and which wear very little 
by one fingle friction, which brings them very 
near the ſuppoſition of M. Parent, 
When the lower body is covered with any fat 
ſubſtance, the intervals of the hemiſpheres of its 
ſurface are filled in ſuch a manner, that thoſe of 


the upper body do not engage themſelves any 


more, and may begin to move themſelves with- 
out being ſenſibly raiſed. Then in this caſe, the 
force, which moves the weight of 20 Jb. muſt be 
leſs than the ſmalleſt which can move 1n the caſe 
where it ſhould raiſe the hemiſpheres to their 
whole height ; that is, this force muſt be leſs 
than 7 1b. M. Amontons has found by the expe- 
riments related in the memoirs of 1699 *, that it is 
the third part of the weight, and conſequently in 
the preſent ſuppoſition 6 45. + which is under 7. 
M. Parent's geometry, altho' in a matter which 
ſeems to have eſcaped geometry, has conducted 
him to the ſame point where M. Amontons is ar- 
rived by experiment. Es 

The compariſon' of different velocities with 
which we would move one of theſe bodies upon 


the other, always according to the hypotheſis of 


the hemiſpheres, has thrown M. Parent into a 
yet more complicated and delicate geometry. All 
that we can here gather which is clear and and ſen- 
fible enough, is, that the reſiſtance of the lower 
bodies to the motion of the upper does not increaſe 


in the ſame ratio with the velocity of the upper 
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one, and even does not increaſe more ſenſibly be- 
yond a certain point, altho? this velocity increaſes 
alſo as much as you will. 

Let us imagine with M. Parent, the upper 
body entirely reduced to only one of the hemi- 
ſpheres of its ſurface, without loſing any of its 
weight, and that this hemiſphere paſſes ſucceſſively, 
and with a horizontal motion, upon. a row of 
lower hemiſpheres, equal to it, falling at each 
moment between their intervals, and raifing it 
ſelf continually. If the weight of this upper 
hemiſphere be ſuch, that it muſt in a ſecond make 
it run over a vertical ſpace equal to the height or 
depth of the intervals, which are between the 
lower hemiſpheres, and if the horizontal motion 
of the upper hemiſphere is ſuch, that it makes 
in a ſecond but one interval of two lower hemi- 
ſpheres, it 1s certain that at each ſecond it will 
fink entirely into one of theſe intervals, that is, 
it will inſert it ſelf as much as poſſible. But if 
by its horizontal motion, it can run over two in- 
tervals in one ſecond, it will enter into each but 
half of its depth, becauſe thefe two halves put 
together will make all the height, which its weight 
ought to cauſe to fall in one ſecond. It is then 
viſible that the more the horizontal motion, 
(which may increaſe without end) is great with 
reſpe&t to the vertical motion of the weights, 
which cannot change, ſo much the leſs will the 
upper hemiſphere ſink and inſert itſelf into the 
lower ones, and in fine the horizontal velocity 
may be ſuch, that the upper hemiſphere will not 
touch the lower one but by their ſummits, after 
which the friction will not encreaſe more ſenſibly 
by the increaſe of the velocity. But it muſt be 
well obſerved, that the friction will never be null, 
becauſe let the horizontal velocity be ever ſo great, 

as 
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as it cannot but be finite and determined, that 
of the vertical motion of the weight is always 
ſomething with regard to it. „ 
The more quick a body moves in a fluid, the 
more parts it meets, the multitude of which is a 
greater obſtacle; and on the contrary the more 
quick a body moves upon a very hard body, the 
leſs it is engaged in the intervals of its parts, and 
conſequently is leſs detained by them. 


XI. On the bodies which fiwim in liquors, 


It is well known, that a body of the ſame 
ſpecific gravity with a liquid in which it is im- 
merged, remains in whatſoever place it is put; 
but if it is lighter than the liquid, it ſwims upon 
it, having one part immerged more or leſs, ac- 
cording to the proportion of its gravity, to that 
of the liquid, and if it is heavier, it goes to the 
bottom. All mathematicians have demonſtrated 
the neceſſity of theſe effects. 

This is only with regard to the place of a 
body in a liquid, but the fituation of this body 
in the ſame liquid, is different from the place 
which it there occupies. For example, a ſphere 
which there makes a half turn upon its centre, 
would change its ſituation, becauſe the upper 
part would become the lower, but it would not 
change its place. | 

Let us imagine a body compoſed of two dif- 
ferent parts immerged in water, one-lighter, and 
the other heavier than the water, as of wood and 
lead, ſuppoſe alſo the quantity of theſe two parts 
ſo proportioned, that the whole together weighs 
exactly as much as an equal bulk of water. Ima- 
gine laſtly the body to be ſpherical. It is plain 


that more than ; the ſphere will be wood. | 
2 This 
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This body will have two centres; one, its 
centre of figure and extent, that is, the point 
of the middle of the ſphere: the other, its cen- 
tre of gravity, that is, the point of a horizontal 
diameter by which it ſhould be ſuſpended, that 
the two parts of wood and lead, of unequal. 
weight, may remain in equilibrio. Now we 
know that to put them in equilibrio the point 
of ſupport, or which is the ſame thing, the cen- 
tre of gravity, muſt be neareſt to the heavieſt, 
and conſequently the centre of gravity of this 
ſphere, heterogeneous 1n its parts would be more 
toward the fide of the lead, and would not be 
the ſame point with the centre of the figure. | 

This ſphere being immerged in water, fo that 
its centre of gravity be above it, it is aſked 
what will happen to it. 

It is certain that a body which has liberty to 
move itſelf, cannot reſt till its centre of gravity 
is ſunk as low as it is poſſible. The centre of 
gravity of the ſphere, that is, the ſphere | itſelf 
muſt then ſink, ſince it can. 

On the other ſide, ſince it is of the ſame ſpe- 
cific weight with the water, it ought neither to 
riſe nor fall, but remain exactly in the ſame 
place where it was laid. 

To reconcile theſe two things, M. Boral in 
his excellent treatiſe of the motion of animals,“ 
determines, that the ſphere will turn upon its cen- 
tre of figure, until its centre of gravity be ſunk 
to the lower part, and toward the earth, pro- 
vided the body changes the * and not 
the place. 

This deciſion of ſo great an author, and in 
appearance ſo convincing, has not however 
ſeemed ſo to M. Parent; and he has not been 


part f. Cap. 23. Prop. 20% : 
afraid 


f 


ROYAL ACADEMY of SCIENCES. 199 
afraid to advance this paradox ; that the body, 
notwithſtanding the equality of its ſpecific weight 
with that of the water, would deſcend to a cer- 
tain point, and what will appear yet more ſur- 
prizing, that the figure of the body would riſe, 

while the body it ſelf deſcended. 

That two equal forces, acting by lines parallel 
to each other, draw a rod by one end two oppo- 
ſite ways, is certain, ſince we do not ſuppoſe 
any fixed point of this rod, that it will turn upon 
one of its points, and that this point will be the 
middle, becauſe theſe two oppoſite forces are 
equal. If they were not, it would turn upon ano- 
ther point, as much nearer the greater force, as 
this greater force ſhould exceed the other. 

The ſphere immerged in water is driven down- 
ward by its own weight, of which all the action 
1s united again in the centre of gravity. It is at 
the ſame time driven upward, by the weight of 
a bulk of water equal to it, which always endea- 
vours to deſcend, and take its place, and all the 
action of this equal body of water, muſt be con- 
ceived as reunited in the centre of figure of the 
ſphere 3 for we are conſidering the extent of the 

bulk, and it is this which determines the quantity 
of water of which we are conſidering the action, 
Here are two oppoſite forces which act parallel, 
as theſe are two weights, they are equal by the 
ſuppoſition, they are applied at two different 
points taken on the ſame diameter of the ſphere. 
The ſphere therefore muſt turn upon a middle 
point, between theſe two, and it muſt be equally 
diſtant from them. DE 

As the centre of gravity of the ſphere had 
been placed above, it cannot turn upon this 
middle point, without the centre of gravity 


deſcending, and at laſt when it has deſcended to 
the 


> 
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the vertical line, its action ceaſes becauſe it 
cannot deſcend any more, and the ſphere ſtops. 
On the other ſide, it is plain, that in this diſ- 
poſition the centre of the figure which was below 
the centre of gravity, roſe, and from thence M. 
Parent concludes, that the body, which is conſi- 
dered as entirely gathered together in its centre 
of gravity, deſcended, while the figure of the ſame 
body roſe. = 0 
The ſpherical figure was only taken for an ex- 
ample, and it is clear, that the ſame reaſoning 
ſubſiſts with all other figures. „ 
It ſubſiſts again when the two forces are une- 
ual. = | 
: If the weight of the heterogeneous body im- 
merged in water, is greater than that of an equal 
bulk of water, and its centre of gravity has been 
laced above, not only this body muſt immerge 
itſelf in the liquid, but it muſt make a half turn 
in immerging, becauſe its centre of gravity muſt 
deſcend as low as is poſſible; after which the body 
continues to immerge, but without turning any 
more. It turns round upon a point which is not 
_ equally diſtant from the centres of gravity and of 
figure, becauſe the two forces which are applied 
to it are unequal. 25 
Hence it comes, that cats, and many other 
animals of the ſame kind, as martins, pole: cats, 
foxes, tigers, Sc. when they fall from a high 
place, generally fall upon their feet, altho* at 
firſt they were uppermoſt, and conſequently they 
ſhould have falled upon their heads. It is very 
certain, they could not turn themſelves thus of 
their own accord in the air, where they have no 
fixed point to help themſelves. But the fear with 
which they are ſeized makes them bend the ſpine 


of their back, ſo that their entrails are driven 
EY upwards 
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npwardsat theſame time they ſtretch out'the head 
and legs toward the place from whence they 
are fallen, as 1f to find it again, which gives to 
theſe parts a greater action to raiſe themſelves. 
Thus their centre of gravity comes to be different 
from the centre of figure, and placed above it, 
from whence it follows by the demonſtration of 
M. Parent, that theſe animals muſt make a half 
turn in the air, and turn their legs again down- 
wards, which commonly ſaves their lives. The 
niceſt knowledge of mechanicks would not do bet- 
ter on this occaſion, than this confuſed and blind 
ſenſe of fear does. 

If the weight of the body is leſs than that of cli 
water, only one part will be immerged, and we 
mult conſider only the part immerged as a centre 
of figure, becauſe it is that alone which tries and 
receives the action of the water, one of the two 
unequal and oppoſite forces. As for the centre 
of gravity, it is always that of the entire body, 
becauſe it is always the whole weight that acts. 
After this, it is eaſy to judge by what has been 
ſaid how it turns round. 

While the body makes its half turn, if we ſup- 


poſe the centre of turning fixed, as it is naturally 


and by itſelf, the part immerged i in the water will 
be always equal, if this body be a ſphere ; but if 
it be of any other figure, the action of turning 


will cauſe this part immerged to be ſometimes 


greater and ſometimes leſs. On the other ſide, 
the equilibrium of the body with a certain deter- 
minate bulk of water requires, that its part im- 
merged ſhould always fill the place of it, which 
is always of the ſame ſize. Thus the action of 
turning round appears contrary to what the eqzz- 
librium would, but what ſettles all is, that when by 


the turning round the part immerged is too little, 


Vol. I. No. 6. Ce this 
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this equilibrium makes the body ſink more, and 
conſequently irs centre of turning deſcends in a 
vertical line. If che part immergad be too great, 
the body raiſes itſelf, aad alſo its centre of turn- 
[es 1 is manifeſt, that in both theft motions, the 
centre of the whole figure rites or falls in a right 
line, and at the fame time turns circularly, and 
conſequently deforibes a cycloid, fer it ĩs formed 
by a direct and circular motion mined in tas 
manner. 

To theſe proofs, which ſhew renn 8 
that in all theſe caſes the bodies turn, not upen 
their centre of figure, but on a mean point be- 
tween this centre and that of gravity, M. Parent 
adds another, as convincing, but falling into a 
greater geometrical diſcuſſion. The principle is, 
that the common centre of gravity, both of the 
liquid and of the body immerged, muſt always 
be as low as is poſſible, after which M. Parent 
demonſtrates, that it has this fitoation only in his 
A | 
He finds by the ſame ways, what fituation 
heterogeneous bodies immerged at the ſame time 
in ſeveral liquors of different weights, muſt take. 
The principals do not change at all, but the ap- 
plication of them becomes more difficult. 

The different figures which we may imagine 
of this body, mae alſo this problem into a greater 
detail of geometry; Archimedes has reſolved it 
for the right paraboloid placed only in a liquid. 
But M. Parent reſolves it for all the conoids ſitu- 
ated in ever ſo many liquors. 


XII. 
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XI I. A falſe re port of the perpetual motion 
being diſcovered, and the n bility of it 
demonſtrated. 


There was in this year a report ſpread, that the 
perpetual motion was found. It was ſeen. in a 
place where the difficulty of the thing was not 
well known, where the invention was not ex- 
amined, as it would have been in an academy, 
where an air of ſcience ſucceeds ſometimes, and 
the air of confidence almoſt always. M. Sauveur 
explained the invention to the academy, who 
were very much ſurprized at it. A little while 
after the noĩſe that this diſcovery made, the per- 
petual motion diſappeared with its author. On 
this occaſion, M. Parent proved the impoſſibi- 
lity of it by this ſingle reaſon, that all the parts 
of a machine have a common centre of gravity, 
that while they turn round an axis or fixed point, 
which ever it be, this common centre of gravity 
finds itſelf neceſſarily in one ſituation, where it is 
lower than in any other, and that preſently all 
muſt ſtop. For ſince there is a point where the 
force, which many bodies have to deſcend, is 
entirely reunited, as ſoon as this point cannot de- 
ſcend any more, all theſe bodies muſt remain 
fixed, M. Parent determined in general. that 
there muſt inevitably be this point of reſt for all 
the machines poſlible. 
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Pu1LoS0PHICAL MEN of the RoYAL 
ACADEMY of SCIENCES at Paris for 
the year 1700. 


I. An obſervation on the barometer, 557 
mometer, and quantity of rain and ſnow- 
water, that fell at Paris in the royal - 


ſervatory, during the year 1699. By N. 
de . 


HE . on the quantity of rain 
water which fell in the obſervatory, have 
been made in the ſame manner with thoſe of the 
preceding years. For this purpoſe, they placed 
in the open tower a veſſel of tin, whoſe ſurface 
was 4 feet, and which was ſurrounded with a 
rim 6 inches high. This veſſel is a little bent 
near one of its angles, where there is a little hole 
with an end of a pipe, which conveys all the wa- 
ter which falls in the veſſel, into an earthen pot 
placed underneath; and as ſoon as it has rained, 
great care is taken to meaſure exactly all the wa- 
ter which is gathered in this earthen veſſel, of 
which a particular regiſter is kept. This mea- 
ſure is made in a little veſſel of a cubical figure, 
whoſe ſides were three inches, ſo that 32 lines 
heighth of water in this little veſſel, are anſwer- 
able to half a line's heighth on the ſurface of the 
great tin veſſel: wherefore there is drawn near 
the brim of this cubical veſſel, which has no 
7 Jan. 16. 1700. : 
cover 
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cover, a line within 4 lines diſtance of the brim, 
that in filling this little veſſel to the height of this 
line, there may be the value of half a line's 


heighth of the water which falls. This is the 
ſtate of what fell in each month of this year. 


f Lines. Lines. 
Jan 11 1 July © 2 ih 
Feb. 11 5 Aug. 18 + 
Mar. 11 4 Sept. 35 
Apr. 36 3 Octob. 224 
May 22 4 Nov. 9 
June © 29 , Dec. x: >: 


The ſum of the height of the water which fell in 
the whole year, is 224 f lines, or 18 inches 8 J. 
Though this year appeared to be extremely ary, 
we ſee nevertheleſs that the quantity of rain-wa- 
ter is but little leſs than what falls in the mean 
years: but it muſt be obſerved, that commonly 
the greateſt rains happen in the months of July 
and Auguſt; whereas this year they happened in 
the ond of April, May, Fune, and September; 
and that the greateſt did not exceed 36 lines in a 
month, which is but little in compariſon of what 
frequently falls in ſummer. But, in ſhort, the 
three firſt months and the three laſt of this year 
together, have only given very near as much as 
the months of April and of September together. 
We may obſerve, that the moſt plentiful rains 
this year happened in one and the ſame day, and 
were not continual, and that very conſiderable 
intervals of time paſſed without rain. 

As to the barometer, which 1s placed at the 
top of .the great hall of the obſervatory, and 
near 20 toiſes above the river, the greateſt height 
of the quickſilver therein was but 28 inches 3 

3 lines, 
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lines, the 21 of Nov. and the 31 of December; 
and its loweſt was but 26 inches 9 lines, on the 
14 of Fan. and the 14 of December; and con- 
8 the difference of the heights of the quicͤk- 
filver between the greateſt and leaſt height was 18 
lines. 

The thermometer, which I uſe to make obſer- 
vations of heat and cold, is placed in the E. tower 
of the obſervatory, which is uncovered in ſuch a 
manner as to be ſheltered from the wind, and 
that the ſun never ſhines either. on the ball nor on 
the tube. All the obſervations which I daily 
make are a little before ſun-riſing, which is the 
time wherein the air is commonly the moſt cool. 
I have made obſervations on this thermometer to 
determine its mean height, and after having left 
it ſome days in the bottom of the cave of the ob- 
ſervatory, I found that the ſpirit of wine therein 
remained at the height of 38 parts, which I take 
for a mean height; ſo that when it is of this 
height in a place where it is expoſed, I judge 
that the temper of the air is between cold and 
hot. I have found that during this year from 
the firſt day of Jan. to the g̃th of June, there has 
but little variation happened in the height of the 
liquor, and that theſe two days it was the ſame 
from 42 to 43 parts, and that it froze very little, 
and that only in the beginning of Feb. the ther- 
mometer not falling lower than 29 parts 4, which 
is commonly the time when it is moſt cold, as : 
the greateſt heat happens at the beginning of 
July. But che 11 of Dec. the thermometer fell 
to 25 parts 3, which was the coldeſt of the year 
and the 25th of July, which was the hotteſt, the 
thermometer roſe to 63 parts : by which we 
ſee that the heat of the ſummer, compared to the 
mean ſtate of the air, was near double the cold 

compared 
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compared even with this mean ſtate, though the 
obſervation of the heat of the air was made only 
before the ſun· riſing. 

I alſo obſerved the 23d day of Ohler the 
declination of the needle to be 87 10/ in the ſame 
place, and with the ſame needle with which I 
uſed to obſerve. This needle is 8 inches long, 
and is one of the beſt which was ever made; 
but though it was very lightly hung, I do not 
find in the obſervations of the ſubſequent years, 
the ſame progreſſion of declination; whether it 
be that the declination does not keep an equal 
mation, or that there may be any other cauſe of 
irregularity, which may. alſo proceed from the ob- 
ſervation, though 1 uſe all the precautions I am ca- 
pable of: but it is always difficult to obſerve the 
minutes on an inſtrument, whoſe degree is but 
one line at the moſt ; it will be much more diffi- 
cult to obſerve them, when the degree has but 
half a line, ſuch as are the common compaſſes of 
three or four inches diameter. All that can be 
done in this caſe, is to take a long ſeries of obſer- 
vations, as of ten or twelve years, made with 
the ſame needle, and in the ſame place, and di- 
vide the difference by the number of years, and 
then they muſt be alſo certain, that the declination 
does not either d1minh or increaſe. Example. 
At the end of the year 1686, I found that the 
declination of the needle was 49. 30“ towards the 
W, and that at the end of laſt year 1699, it 
was 89. 10',———and conſequently the diffe- 
rence was 39. 40'. or 2200, for 13 years, which 
gives for each year 17. motion from N to W. 


II. 
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II. A new manner of rendering 3 
luminous, by M. Bernoully, profeſſor at 
Groninguen, extracted from one of his 
letters written from Gronin guen, June 


19. 1707. 
After having read i in a lietle book, entitled, 85 5 


treatiſe of barometers and notiometers, or bygro- 
meters, the extraordinary phenomenon which hap- 
pened in 1675, to the barometer of the late 


M. Picard, which was that interrupted. light 


which he perceived by chance in the motion of 
the quickfilver, by carrying the barometer from 
one place to another, when it was very dark, I 
judged it worthy to make ſome reflections upon 
it; and the more, becauſe the author of this 
treatiſe, invites the curious to perfect this diſco- 
very ; and fays, that in thoſe experiments which 
have been already made of it, on many other 
barometers, to ſee if the ſame thing would happen, 
there was but one found which came near that of 
M. Picard : probably it might be that of M. 
Caſſini, in which M. du Hamel ſays there had 
been obſerved the ſame effect, tho? leſs viſible than 
in the other. I have therefore applyed my ſelf 
to it; and after having made ſome obſervations 
on this ſubject, accompanied with neceſſary ex- 
periments, the ſucceſs of which anſwered to my 
deſires, and conformable to the reaſoning which 
I had made d priori, I ſeem to have diſcovered 
the true cauſe of this phenomenon, and a way of 
making a very lively light appear in all barome- 

ters without diſtinction, at all times and in all 

laces: ſo that here is a new kind of perpe- 
tual Phoſphorus, which does not conſume like 


thoſe made by the chy miſts. 
- Before 
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Before I explain my reaſoning to you, I will 
tell you that the lame evening on which I read 
this phenomenon in this little treatiſe, I would 
make a tryal of it on my barometer, which had 
been tried about a month: I carried ir then into the 
dark, I balanced ir lightly at firft, but without 
any ſucceſs, not obſerving in it the leaſt light: 
but at laſt having balanced it violently (which I 

can do without danger of breaking the tube or 
ſpilling the quickilver, the tube being ſet in a 
piece of wood, as in a frame, and the quick- 
filver at the bottom ſhut up in a wooden box 
fixed to the board, and cloſe every where, ſo that 
ic is only through the pores of the wood, that the 
air enters to preſs upon the quickfilver) [ obler- 
ved that when the quickfilver (riſing and falling 
with great quickneſs through a Jong part of the 
tube) was quite at the bottom, it caſt a very 
weak light, which vaniſhed as ſoon as the quick 
ſilver began to re- aſcend. This made me think, that 
thoſe conjectures which the author of the creatiſe | 
alledges, to give the reaſon why this light had 
not yer appeared in any but in one barometer 
only, which was, that as to the others, hey had 
not perhaps been long enough tried, could have 
no weight, ſince my barometer had been tried 
but four weeks or thereabouts. 

After this experiment, I would try, whether 
the other conjectures of the author were to be 
admitted: he ſays, that the other barometers 
had not the ſame effect, whether it was that 
they were not ſufficicntly cleared of the air, or 
"that the quickſifver was not pure enough, To 
be certain of this, after having carefully cleanſed 
the quickſilver, by forcing it to paſs through the 
Pores of a bit of leather, I put it again into the 
receiver, from which I drew out the air, and left 


Vor. I. Ne. 6. 2 * 
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it therein 24 hours, to give it time to let the par, 
ticles of air which were mixed with the quick- 


ſilver evaporate. After having thus purified it, I 


filled a tube with it in the common manner, with 
all the precaution poſſible to hinder any ſmall 
bubbles of air from remaining; but the baro- 
meter thus mounted had not any better effect, for 
let me balance the quickſilver never ſo violently, 

hardly could I draw that weak glimmering which 


ſhewed it ſelf, and vaniſhed away almoſt in the 


ſame inſtant. 
1 left the barometer in this ſtate for common 
uſe, having thought it a pity to take it to pieces, 
after having taken ſo much trouble and care in 
putting it together ſo exactly, that I am certain, 
neither in the empty part of the tube, nor among 


the quickſilver, there was not the leaſt particle of 


grols air. - ox 

I then concluded from this ſecond experiment, 
that the other conjectures of the author of the 
treatiſe, were no more valid than this; or at 
leaſt, that neither the purifying of the quick» 
filver, nor the perfect vacuum of the upper part 
of the tube, were the principal cauſe of the ap- 
pearance of this light. 

I therefore ſought for the true cauſe of it, and 
thus I reaſoned. As the light does not appear 
every time that it is balanced, but when the va- 
cuum is made, that is, only in the deſcent of the 
quickſilver, I comprehended that when the quick- 
ſilver deſcends there muſt go out of it, and reaſ- 


cend at the ſame inſtant, a very thin and ſubtile 


matter to occupy, and fill part of that ſpace of the 
tube, which the quickſilver leaves: I ſay a part, 
becauſe we may well believe, that the pores of the 
glaſs being without doubt larger than thoſe of the 
guickſilver (as it appears by the lightneſs of the _ 
5 | 5 | . one, 
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bne, and the great heavineſs of the other) there 
enters at the ſame time thro? the pores of the 
tube, another matter much more ſubtile than the 
groſs air, but much leſs ſo than that which goes 
out of the quickſilver: and theſe two matters 
mixing together immediately, fill the ſpace which 
the quickſilver by its deſcent leaves to them ; it 
is of no confequence what names you give to 
theſe ewo matters: you may if you pleaſe, call 
with M. Deſcartes, that which penetrates through 
the pores of the tube, the matter of the ſecond 
element, or celeſtial globules; and that which 
is ſo fine, that it eſcapes from the quickfilver, 
the matter of the firſt element. In effect, M. 
Deſcartes has well enough ſhewn in his principles 
of philoſophy, part the 4th art. 58. that the 
particles of quickſilver leave among them ſuch 
acute angles, that they cannot be filled excepe by 
the fineſt matter, that is, by that of the firſt 
element, l 

Now you know how M. Deſcartes explains 
the production of light, making it conſiſt in the 
moſt rapid motion of the matter of the firſt ele- 
tnent, aſſembled only in ſome ſpace, and in the 
effort which it makes on the celeſtial globules. I 
fay, therefore, that while the particles of the firſt 
element are diſperſed in theſe little interſtices, and 
in a manner oppreſs'd by the terreſtrial parts of 
the quickſilver, they cannot acquire this rapid 
motion, or act or make joint efforts to produce 
che light, but as ſoon as by the deſcent of the 
quickſilver, theſe go plentifully out of it, they 
finite together; and being thus at once diſengaged 
from all other matter, they take that rapid 
courſe, which is common to them when they are 
free; and by the effort which they make on the 
celeſtial globules which meet them, they produce 
e ez this 


212 The HISTORY and MINIOIRS of the 
this light ; from thence the reaſon is ſeen why 
this light is only obſerved in the deſcent of the 
quickſilver : ; for when it reaſcends, the matter of 
the firſt element is ſo far from going out, that 
there rather enters again, a part of that which 
went out at its preceding fall; and the reſt is 
driven away with the celeſtial globules, out of 
the tube, through the pores of the glaſs. This is 
alſo the reaſon why this light always accompa- 
nies the top of the deſcending quicklilver, and is 
in a manner fixed to its upper ſurface; hy the 
light produced in a deſcent is not laſting; and 
why on the finiſhing of each deſcent, this light 
is at an end, and immediately vaniſhes allo. 
This proceeds from the particles of the firſt 
element, which were united at the going out 
of the quickſilver, and having made a very lit- | 
tle way in getting diſtant from the ſurface of the 
quickfilver, being immediately ſcatter'd and diſ- 
perſed by the crowd of celeſtial globules, which 
with their impetuoſity bear them down, and thus 
take from them the force of producing this effect 
of light: ſo that it cannot laſt but in proportion, 
as there comes out of the quickſilver a continual 
and new matter of the firſt element, to ſucceed 
that which is alſo continually waſting, not much 
unlike the ſame manner in which a flame of a 
candle waſtes, ard renews each moment. It is 
therefore manifeſt, that the light in queſtion can- 
not at the moſt laſt any longer than each deſcent 
of the quickſilver laſts. 5 
I muſt now ſhew the principal, which i 
why this light does not ſhew it ſelf in all ee 5 


ters, and why it has not been obſerved till now «+ 


except in two or three: as allo, the way of reme- | 
dying this, and making It infallibly appear in 

all bare ometers at all times, and with a ſurprizing 
vivacity, 


* 
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vivacity, provided they do it in a very dark place; 
both theſe will: ſtrengthen and confirm perfectly 
well the reaſons which I have made uſe of in 
the explanation which 1 have juſt made of the 
cauſe of this phenomenon, 

I have obſerved, that if we expall quickſitvet 
in any veſſel to the open air, we ſhall find at 
the end of ſome time the ſurface, where the air 
touches it, quite diſturbed and covered with 4 
very thin pellicle, which being taken away with 
a clean feather, the primitive brightneſs returns 
on the ſurface, and it will be again poliſhed like 
a looking-glaſs; but if we leave the quickſilver 
expoſed to the air, another pellicle immediately 
like a cobweb, which thickens by time, will ſpread 
over it. And if this is well examined with the 
microſcope, we ſhall ſee that it very much reſem- 
 bles leaf filver: and indeed, it is nothing but a 
very fine texture of a kind of moſs or moſly 
hair, which is formed of little filaments, which 
having been ſeparated from the quickfilver, by 
the continual agitation of the air, and yet being 
not able to follow its motion, fall again with 
other impurities which it finds in the air, on the 
{urface of the quickſilver; and intermingling by 
degrees, compoſe this pellicle. We obſerve the 
ſame thing in all kinds of liquors, which, if we 
let them ſtand, ſo that the air may dry the top of 
them, will at laſt be covered with a ſkin more 
or leſs thick, according to the conſtitution of the 
corpulcles, which exhale from, and afterwards 
fall back on the liquors. All this being well 
_ conſidered, I fay, that it is this pellicle which hin- 
ders the appearing of the light in thoſe barome- 
ters, which have been filled in the common man- 

In this manner I conceive the thing. When 
they make the barometer, they take a tube her- 
metrically 
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ſealed at one end, and into the other they pout' 


quickſilver, which falls drop by drop along tha 
tube, ſo that each drop by penetrating and di- 


viding the air from the top to the bottom, 


wipes it, if I may ſo ſay, and draws away with 


it all the impurities; which is the cauſe that in 


this moment employed in running along the 
tube, the quickſilver is more loaded with this 
moſs, than it would be in two or three days, if 
ſimply expoſed te the air. What I have here 
ſaid is ſo true, that if you let only one drop of 
quickſilver, cleanſed and purifyed as much as 
poſſible, fall from the height of one foot only 
into a veſſel, wherein there is more of it, which 
has alſo been ſo well purified that the ſurface 
thereof is ſmooth, and poliſhed like a looking- 
glaſs; you ſhall ſee that the drop falling on this 
Poliſhed ſurface, will obſcure the luſtre of it 
in that part where it ſhall enter into the maſs of 
the quickſilver, and leave there a viſible ſpot, which 
is a certain mark that the drop, clean as it was, 
had been infected by the impurity of the air. 
It is thus that the drops of quickſilver poured 
into the tube, while they are running ate covered 
with this pellicle ; but by the fall of the drops 
one upon another, and by the preſſure of the 
quickſilver, theſe particular pellicles eaſily break 


to permit a continuity in the quickſilver ; and 


theſe impurities not being able to agree with the 
motions, nor with the figure of the particles of 
the quickſilver, are obliged, as excrements, to 
retire out of the inner ſubſtance of the quick - 
ſilver, and place themſelves on every {ide between 
the concave ſurface of the tube and the convex of 
the quickſilver. Thus then is the whole mer- 
eurial column involved in this very thin ſkin as 
with a cuticle, Surely, there is great appearance 


FE. that 
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that the thing is, as I have ſaid ; for the tube be- 
ing filled in this manner, if it is inverted to make 
the barometer by ſtopping the aperture with the 
end of the finger, till it is immerged in the 
quickſilver contained in the veſſel ; it will be 
obſerved by taking away the finger, that the 
quickſilver deſcending in the tube, will leave be- 
hind ſome remains of this cuticle adhering to the 
ſides of the glaſs vn the empty parts of the tube, 
like the ſcum of melted lead. 

It is not therefore difficult to conceive, that the 
barometer being made, the horizontal and upper 
ſurface of the mercurial cylinder may be covered 
with a thicker pellicle than any other part of the 
ſurface of this cylinder, wc it thickens partly 
by thoſe remainders which may continue ad- 
hered to the empty part of the tube, and which 
are at the laſt looſened, and fall again on the top 
of the mercurial column; and partly by thoſe 
which are below and are thruſt up by the weight 
of the quickſilver. 

Therefore, for a laſt concluſion, it is ſufficient 
for me to ſay, that this pellicle which occupies 
the upper part of the quickſilver, as thin as it ap- 
pears to our eyes, covers ſo well the pores of the 
ſurface of the quickſilver, that it ſhuts up either 
wholly, or in a great part, the paſſage to the 
matter of the firſt element, which by its violent 
motion alone can produce light z whence it fol- 
lows, that in barometers which are filled in-the 
common manner there will appear none, or very 
little, and that with great balancings, as in mine, 
which I have ſpoken of above, it muſt not be 
thought ſtrange, that ſo ſmall and delicate a pel- 
licle can hinder the particles of the firſt ele- 
ment from going our of the pores of the quick- 
liver, or at leaſt from going out in ſuch abun- 

| dance, 
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dance, and with ſo much vehemence ; ſince we 
ſee daily that the quickſilver itſelf paſſes calily 
through the pores of the ſkin of almoſt all ani- 
mals; but that the paſſage ſhould be entirely 
cloſed, if they do not ſeparate that tender web, 
which the phyſicians call Epidermis, or Cuticula, 
What contradiction is there then, that ſuch a 
thing may not happen in the ſubject we are 
upon ? 

Thus have I reaſoned on the cauſe of ſo 1 

an effect. But as we are very apt to be deceived 
in e on phyſical ſubjects, unleſs they are 
confirmed by experiments, I have contrived two 
ways of hindering the mercurial column from, being 
covered with this cuticle, both which have ſuc- 
_—_— very well. | 

I took a glaſs tube 3 feet 3 long, open at 

Vn ends, which I took care to ſcour and cleanſe 
well on the inſide, that I might leave therein 
neither filth nor moiſture, having plung'd one 
end thereof a little way in quickſilver, contained 
in a large veſſel the moſt obliquely that the rim of 
the veſic! would permit; ſo that the angle which 
the tube made with the horizon, contained about 
18 or 20 degrees; which having done, I ap- 
plied my mouth to the other end of the 1 
and began to ſuck ; in this manner, I eaſily made 
the quickſilver aſcend to the top, and having even 
drawn ſome drops of it into my mouth, I made a 
ſign to one of my ſcholars, whom I had inſtructed 
for this purpoſe, to ſtop quickly with his finger 
the lower end which was dipped in the quick- 
ſilver. I muſt tell you here by the way, that I 
finiſhed raiſing the quickſilver by what I ſucked 
with one breath alone, leſt had I fetched my breath 
and ſucked again, there might have entered into 
the tube a little breath or ſpittle. The tube be- 


ing 
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ing then filled in this manner, while my ſcholar 
held the lower end ſtopped with his finger, I after- 
wards cloſed the upper end with the cement, which 
I make uſe of to conſolidate broken cups or glaſſes. 
After having cloſed it well, I bid this ſcholar 
take away his finger from the end which was yet 
dipped in the quickſilver ; ; I then raiſed the tube 

rpendicular, and the quickſilver deſcended to 
its equilibrium as uſual ; but J had the pleaſure to 
ſee that it left no ſcur adhering to the empty 
part of the tube, as in tubes which are filled in 
the common manner : which [ immediately took 
for a good ſign. Indeed I foreſaw that this would 
be the conſequence ; for in the manner with 
which the tube had been filled, it is well ſeen 
that the air could not touch the quickſilver in 
aſcending in the tube, except at the firſt drop 
which was a kind of ſhield, by the help of which 
all the remainder of the mercurial column could 
aſcend without ſuffering the leaſt approach of air; 
but this one drop, beſides that it could not be 
much infected, having not divided and penetrated 
the air with violence, like a drop which falls, 
did not remain in the tube: for, as I have ſaid, I 
drew ſome of the firſt N of the quickſilver 
into my mouth. 

Thus was 1 ſure of having a barometer whoſe 
mercurial column was entirely diveſted of this cu- 
ticle ſo fatal to others. Mean while to make the 
experiment more conveniently without running 
the hazard of ſpilling the quickſilver by the re- 
moving or balancing of it, 1 took the tube out of 
the large veſſel, keeping the lower end of it cloſed 
with my finger, and put 1t into a narrower and 
deeper veſſel, which was half filled with quick- 
ſilver; all being finiſhed, I impatiently waited for 
night, which being come, I took my barometer 

Vor. I. N. 6. ES thus 
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thus prepared, the tube in my left hand, and the 
veſſel in which the lower end of it was dipped in 
my right hand; as ſoon as I was in the dark, I 
already perceived, without having yet balanced 
the barometer, very vivid lights, which were 
cauſed by a little ſhaking g, Impreſſed on the mer- 
curial column by the motion of removing it: 
but when I began, tho? very gently, to balance 
the barometer, that I might give to the quick- 
ſilver a more conſiderable reciprocation than it had 
by the ſole motion of removing it, there appeared 
at each deſcent ſuch an exquiſite light, that it il- 
luminated the neareſt objects, in ſuch a manner 
that I could well enough diſcern, by the help of 
this light, letters of a moderate ſize at a foot dif. 
tance. I own to you,that I was very much contented 
to ſee the event anſwered ſo well to my expecta- 
tion, and ſo much the more as it was an experi- 
ment not made by chance, but a deliberate act 
founded on the principles of my own reaſoning. 
I muſt alſo ſay, that this light appeared ſo eaſily, 
that the moſt inſenſible balancings, which hardly 
made the quickſilver riſe and fall the thickneſs of 
a knife, produced nevertheleſs the moſt vivid 
lights. The following days I repeated this ex- 
periment with 3 or 4 other tubes, which 1 filled 
in the ſame manner; but all performed their ef- 
fect equally with much vivacity, and never failed; 
which makes me boldly advance, that all baro- 
meters thus prepared as I have ſaid, will ſhew 
at all times the phenomenon, which happened in 
that of M. Picard, and perhaps much more vi- 
gorouſly. | 
The ſecond way which I contrived to fill the 
tube with quickſilver, without the mercurial co- 
lumn being covered with the aboveſaid pellicle, 


was this in few words. I took a very clean tube, 
1 | open 


ROYAL ACADEMY of SCIENCES. 219 
open at one end only, which I plunged into quick- 
filver contained in a veſſel, which I erected per- 
pendicularly ; 3 ſo that there was yet nothing but air 
in the tube. To draw the air out of the tube, I 
covered the tube and the veſſel in which the open 
end of the tube was dipped, with a glaſs receiver 
made in the form of a beil, the top of which 
was extended into a long tail hollow on the inſide, 
to contain the tube, as the ſheath contains the 
blade of the ſword : (this receiver 1s made pur- 
poſely to make theſe ſorts of experiments with the 
barometer.) I then applied the receiver with the 
tube,and the veſſel within it on the copper plate of 
the air-pump ; by means of which I drew the air 
out of the receiver, and thus at the ſame time out 
of the tube, which not being able to go out by 
the upper end which was ſtopped, went out with 
a little bubbling thro' the end which was dipped 
in the quickſilver. After having drawn the air 
from the receiver and from the tube, the moſt 
exactly I could poſſibly, I let it again enter into 
the receiver; but being not able to make it again 
enter into the tube, becauſe of the quickſilver in 
the veſſel which hindered it, by its preſſure it 
thruſt the quickſilver into the tube to the height 
of 24 or 25 inches; ſo that it wanted but little 
of aſcending to the common height of the baro- 

meter; which ſhewed that the air had been with 
care enough drawn out of the receiver. The 
quickſilver being thus raiſed, J judged that it 
muſt be quite ſtr ipped of its cuticle; ſince the very 
top of the mercurial column could not touch the 
air, except by that little which remained in the 
tube, but which by reaſon of its extreme rarefac- 
tion, could not alter the top of the quickſilver, 
and much leſs the remainder of the mercurial co 

lumn, the leaſt part of which had not been ex- 
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poſed to the air in aſcending. In effect, when I 
made the experiment the night following, the 
light appeared in this tube with the ſame ſtrength, 
and in like manner as in the other which had 
been prepared in the preceding method. By 
which may be alſo ſeen, that the air which re- 
mained in the empty part of the tube could not at 
all hinder the light from appearing ; and thus, 
if it does not{appear in the barometers filled in the 
common manner, it is not becauſe they are not 
cleanſed from the air, but only becaule the quick- 
filver contained in the tube is ſo wrapped up in 
this pellicle, as to ſtop the paſſage of the matter 
of the firſt element. | 

Mean while I have found by experience, that 
there is nothing ſo prejudicial to the appearing 
of this light, as humidity ; tor after having con- 
tinued ſome weeks to balance every evening one 
of theſe barometers prepared according to the firſt 
method, to ſee if there was any difference, either 
in the vivacity, or in other circumſtances z and 
being not. able to obſerve the leaſt difference to 
my great ſatisfaction, I contrived to pour a little 
water into the veſſel below, to cover therewith 
the ſurface of the quickſilver contained therein, 
and then I lifted up the tube gently, till the 
lower end coming out of the quickſilver in the 
veſſel reached the water; but as ſoon as a few 
drops of water were entered into the tube, 1 
dipped it again into the quickſilver, and theſe 
drops aſcending to the top, covered the ſummit 
of the mercurial column. I was then curious to ſce 
if this little water would not hinder the appearance 
of the light: and indeed it hindered it ſo much, 
that with the moſt violent balancings, there was 
no way to produce the leaſt trace of light. I 


after that tried the ſame thing with rectified ſpirit 
of 
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* wine, thinking that being of itſelf inflammable, 
it would perhaps rather help to produce our hight 
then to deſtroy 1 it: but in vain ; for a few drops 
of ſpirit of wine had no ſooner occupied the ſume. 
mit of the mercurial column, bur the light which 
had before appeared with all poſſible vivacity at 
the leaſt ſhaking of the tube, ceaſed to appear 
even with the greateſt balancing : from whence, 
I conclude, that all moiſture and heterogeneous 
matter may either ſtop the pores of the quiok- 
ſilver, and hinder the violent motion of the mat- 
ter of the firſt element, as the pellicle does; or 
at leaſt partly ſtop the great rapidity with which 
the firſt element ought to be moved in order to 
excite the light: for it is viſible, that a foreign 
matter occupying already a little ſpace, directly 
above the mercurial column, where the matter of 
the firſt element is to aſſemble, it is, I ſay, vi- 
ſible, that it cannot move in conjunction, nor 
conſequently with the rapidity which is common 
to it when it is alone, without paſſing through 
the pores of a groſſer matter. 


III. Remarks on the construction of — 
clochs, by M. de la Hire *. 


Altho' it does not ſeem poſſible to add any 
thing to the conſtruction of the great pendulum 
clocks as they are at preſent, to make them more 
perfect and juſt in the meaſure of time; yet we 
may make ſome remarks, which may ſerve to 
correct ſome inequalities that are found in them. 

Firſt, it ſeems that the rod of the pendulum 
might be ſuſpended to a little fine ſpring inſtead 
of ſilk, to avoid the inconveniencies which hap- 
pen to the ſilk, as of its lengthening by the 
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heavineſs of the weight, which is hung to it, and 
chiefly when the weather is dry ; and on the con- 
trary, of its ſhortening when the weather is moiſt, 
as it is with all threads and ſtrings compoſed of 
many threads twiſted together : for the ſhortening 
or lengthening of the ſilk, ſhortening or ſtretching _ 
out the length of the pendulum, will make the 
clock go faſter or ſlower. We might alſo add, 
that at each vibration, the ſilk makes a little twiſt 
at the place where it is tied to the rod of the pen- 
dulum, by the effort which the fourchette makes 
to entertain the motion of the pendulum.” Bur 
the experiment which 1 have made for ſome years, 
of a ſpring applied to the rod of the pendulum 
inſtead of ſilk, has convinced me, that there are 
more conſiderable irregularities with that than 
with the filk, which I can attribute only to the 
different alterations of the ſpring by cold and 
heat, which making elaſtic bodies more or leſs 
ſtiff, cauſe in them very conſiderable alterations; 
for the ſtiffer a ſpring is, the more frequent vi- 
brations it makes; on the contrary, when it is 
limber, it makes them ſlower. I was then obliged 
to take from a great pendulum of ſeconds, the 
ſpring which ſupports the rod of the pendulum, to 
put a ſilk to it, and I did not afterwards find all 
the irregularities which I had obſerved before, 
which convinced me entirely, that theſe inequalities 
were cauſed only by tlie ſpring. 
Secondly, I confidered, that if in the pendulum 
of halt ſeconds, when the irregularities were not 
ſenfible, the little ſpring * A was fixed very faſt 
to the rod of the pendulum, theſe ſorts of clocks 
might be rendered more portable than they com- 
monly are with filk, in long voyages by fea, 
which may perhaps be of uſe in the knowing of 
Plate XIV. Fig. 1 | 


the 
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the longitudes; for in the common motion of a 
veſſel, the pendulum ſupports itſelf, and will not be 
ſo much interrupted in its vibrations as . it is 
only ſuſpended by a ſilæ. 

But if inſtead of a ſpring A, which i is applyed 
by its breadth according to the length of the 
arbor, the pendulum was ſuſpended to a ſtiff and 
firm rod, the breadth of which ſhould cut the 
axis of the arbor perpendicularly, and it ſnould be 
ſtopped by the arbor, then the motion of the pendu- 
lum would entirely govern the motion of the clock. 

In ſhort, if in the pendulums of ſeconds, to 
avoid the accidents of the ſilk and the ſprings, 
the pendulum was ſuſpended, as I have juſt ſaid, 
to a firm and ſtiff rod, which was engaged and 

held faſt in a little particular arbor. * A, which 
moves itſelf freely upon its pivots, the arbor of 
the pallet which would bear the fourchette, would 
give the motion to the pendulum by the means 
of this fourchette, which being governed by the 
vibrations of the pendulum, would rectify the 
motion of the clock. I am perſuaded that this 
manner of applying the pendulum to the clocks, 
will be better than thoſe which are in uſe. The 
axis of the pivot A muſt be in the ſame right 
line, with that of the arbor which bears the pal- 
let to avoid the friction of the fourchette, along 
the rod of the pendulum, which muſt neceſſarily 
happen to the pendulums, which have cycloids ; 
and this friction cauſes a conſiderable inequality 
in the motion of the pendulum, when the oil 
in this place thickens, or it gathers a little ruſt. 
It might be objected, that the vibrations of the 
pendulum, which might be of unequal lengths, 
would not be reduced all to equality, there be- 
ing no cycloid in this conſtruction. To this I 

* Fig. 2. 

| anſwer 
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anſwer, that thoſe who have a great while ma- 
naged with care the great pendulum clocks, know 
well that theſe vibrations are ſo equal, that the 
have no need of cycloids, and eſpecially if ckeln 
vibrations are not of a long extent: but when we 
would have regard to the inequalities of the vi- 
brations of the pendulum in this conſtruction, I 
mall explain hereafter the manner in which they 
muſt be correted. 

Some pendulums have been made, the four- 
chetts of which was placed above the pallets, 
and met the rod of the pendulum below the 
weight of the pendulum, in a part of the rod 
which paſſes beyond the weight : but this con- 
ſtruction is faulty, and cannot ſerve for great 

clocks to- make obſervations; for the vibrations 
being very ſhort, the weight of the pendulum 
has but little motion, and it may be ſtopped and 
turned very eaſily by a very weak power; thus 
the unequal motions of the fourchette, communi- 
cating with the motions of the pendulum, it cannot 
be rectified, nor the clock be juſt, as ſome of 
our academicians then obſerved, in comparing 
theſe clocks with thoſe we commonly uſe. © But 
after the great clocks, which ſerve for celeſtial 
obſervations, - were reduced to a point of per- 
fection, to which one would not have believed 
they could ever arrive, ſince we often ſee for 
ſeveral days together, that they do not vary from 
the equa] motion which they mark, one ſingle 
ſecond of time; there only wanted to be found 
the invention of reducing to a regularity, thoſe 
which are commonly carried in the pocket; and 
to regulate the motion of the balance, which 1s 
generally very unequal, a way was thought on to 
apply a little ſpring, which in bending and un- 
bending might rectify the motions of it. This 

\ principle 


/ 
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principle of regularity is founded upon this, that 


the vibrations of the ſprings put into motion are 
nearly equal; at leaſt when theſe vibrations are 
very near of equal extent. 

At firſt they applied to theſe clocks a little 
ſpring quite ſtrait, which being held faſt by one 
of its extremities, bore at the other extremity 
which was free, a little fourchette which governed 
one of the radii of the balance meeting it in a 
mean diſtance from its centre; and by this means 
the motion of the balance, was reduced to a ſort 
of equality by the regularity of the vibrations of 
the ſpring. But as the length of this little ſpring 
could not be at moſt above 4 of the diameter 
of the watch, it muſt needs be extremely weak 
to have its vibrations nearly equal to thoſe of the 
balance, and if it was ſo weak, it could not re- 
gulate the inequalities of the balance, which muſt 
make about four vibrations in a ſecond of time. 
They have therefore quitted this ſtrait ſpring, to 
ſubſtitute one of a ſpiral figure, which takes 
but little room, tho? it is of a conſiderable length. 
The extremity the fartheſt diſtant from the eye. 
of this ſpiral is held faſt in two places to be there 
ſupported, and the other extremity toward the 
eye, is alſo fixed in the arbor, which bears the 
pallets and the balance, that the motion of the 
| ſpring, which is entertained by the motion of the 
balance, may at the fame time communicate its 
regularities to it; but when we carefully examine 
the motion of this balance regulated by the motion 
of the ſpiral plate, we perceive that there yet re- 
mains a great deal of inequality in it, ſo much 
that the motions of the pallets acting againſt the 
extremity of the ſpiral plate, and chere making 
an effort in proportion to the length of the ſemi- 
diameter of the arbor, at the place where this 

Vor. I.. FF ſpring 
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ſpring is engaged, they ſubdue the ſpring, which 
yields and gives way to the inequality, becauſe 
it is weak and ſlight, and cannot reſiſt the mo- 
tion of the balance; which is eaſy to underſtand; 
by what I have already explained above in {| peak 
ing of the great pendulums ſuſpended to a ſpring. 

I then conſidered that the motion of the ſpring 
muſt neceſſarily be applied at a diſtance ſome- 
thing conſiderable from the centre of the balance, 
to be able to govern its unequal motions with 
more force, and not to receive the inequalities 
of it. It was neceſſary therefore to cut the ſpi- 
ral ſpring pretty far from the eye, and to apply a 
little fourchette to this extremity, which was en- 
gaged in one of the rad: of the balance, at about 
a quarter part from the circumference of the 

centre; and the balance was to be placed in ſuch 
a manner, that when the ſpiral is at reſt, and not 
conſtrained by the balance, the radius where the 
fourchette is engaged, was already perpendicular 
to the line traced by the point where the four- 

| chette is applied, when the ſpring bends and 

unbends, that the fourchette might have leſs 
friction along the radius of the balance, as may 
be ſeen in Fig. g. 5 

* But here is yet another way to apply a ſpring 
to the balance of a common watch. This ſpring 
muſt be thin and broad as the common ſpirals are, 
but its figure is waving with the waves very 
cloſe, by this means we have a great ſpring | 
which takes up but little room in length, fo that 
its vibrations may be flow, without filling a 
oreat ſpace. The waves are formed according to 
the breadth of the plate, which is placed upon 
the third wheel, which makes it ſupport its 
great length cafily ; one might even give it much 


* 4: 
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more breadth than to the common ſpirals, that it 
may ſupport itſelf more eaſily, I have proved 
that theſe ſort of ſprings bent into waves, have 
very great advantages above the other ſprings, 
in their being very ſoft, very long, and making 
but little effort in each of their parts. They 
have yet a very great advantage above the wire- 
ſprings, which have alſo length in a little ſpace, 
in this, that theſe ſprings in "their prolongations 
_ and. contractions, cannot extend this ſpire without 
the wire of which they are compoſed, or made, 
twiſting or untwiſting, which ſoon ſpoils them in 
a continued motion, which does not happen to 
the waved ſprings, even when they are made 
with a wire inſtead of a plate, as I have here 
ſuppoſed. 

To make application of this waved ſpring to 
the balance of the watch, it muſt be held faſt by 
one of its extremities to the upper plate of the 
watch, in the ſame manner with the ſpiral ſprings 3 
and by the other extremity where the waves end, 
it bears a little fourcherte, which paſſes into one 
of the radii of the balance near a quarter part 
of the diſtance from the centre, as may be ſeen 
in fig. 4. 

As for the manner of ſhortning or lengthening 
this ſpring, that it may make its vibrations ei- 
ther longer or ſhorter, it muſt be done as in the 
ſpiral ſprings, by the means of a little bridle faſt- 
ened to a piece which runs ina groove, to draw 
it nearer or farther from the place where the 
ſpring is fixed to the plate of the watch. 

We may make this ſpring long or ſhort, ac- 
cording to the number aud fize of its waves, to 
make 1ts vibrations agree with the alternate mo- 
tion of the balance, for theſe two motions mult 


* Fig. 4. a 
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be very nearly equal, that the one may entertain 


the other more eaſily, 

See now how we may rectify the motion of 
the pendulum, when there is no filk to ſuſtain 
it, and the rod which ſuſtains the pendulum is 
held faſt in the pivot upon which it is moved, as 


T have before propoſed. 


Let * AB be the length of the pendulum, 
from its point of ſuſpenſion A, to the centre 
B the total weight, which I ſuppoſe to be that 
of oſcillation, whoſe motion muſt be made by a 


cycloid, as M. Huygens has laid down, From 


the centre B with the radius BA, I deſcribe the 
circle AD, and having biſecled AB in E * 
draw EF perpendicular to AB, which may be 
the baſe of a cycloid AGF, which has for a 
diameter of its generating circle the magnitude 


EA, which will be the axis of it. 


| Now let there be AH the curve deſcribed by 
the evolution of the cycloid, beginning the evo- 
lution at the top A, and let there be the cycloid 
BIF deſcribed by the evolution off the cycloid 
—_ beginning the evolution upon the baſe 
At 

I fay that the pivot, which muſt ſuſtain the 
rod of the pendulum, muſt be hollow under the 


circular figure AD, and that it muſt move upon 


the convex part of the curve AH. I ſay nothing 
of the manner of applying this pivot, and that 
which ſupports it, for there is no difficulty in it, 
and it does not ſignify whether the concave part 
rolls or ſlides upon the convex AH, ſince the 
point B will always be found in the cycloid BIF. 
The demonſtration of this conſtruction depends 
upon the nature of the curves deſcribed by evo- 
lution. For it is certain, that if the right line AB 
* Fig. 5. 


rolls 
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rolls in applying itſelf upon the cycloid AGF, 
its extremity B will deſcribe the cycloid BIF, and 
its extremity A the curve AH, and that this line 
Ag will be different in all its poſitions, as IGH 
perpendicular on both ſides to each curve BIF 
and AH, 

But when any point as D, of the circle AD, 
ſhall be applied upon the curve AH at the point 
H, the circle and the curve will touch in the ſame 


point H, and the line HG drawn from this point 


H for a tangent of the cycloid in G, being per- 
pendicular to the curve AH and to the circle, will 
be equal to BA by the deſcribing of the circle 
and conſequently the extremity I of this line will 
agree with the point B, placed in I upon the cy- 
cloid, altho' the rod AB is found in ſome other 
poſition, as AR; for it is no matter what point 
D of the circle AD with reſpect to the point A, 
where the rod of the pendulum is applied, is 
found in H upon the curve AH, ſince all theſe 
lines are radii of the ſame circle. 

But as this ſort of hollow pivot may ſeem dif- 
ficult to be excuted, I ſay that it may be made 
of an infinite number of different figures convex 


or concave, and ſuch as you will, which deter- 
mines at the ſame time the figure of the curve of 
the hole, or ſupport, on which it moves, which 
will be eaſy to do, by the methods that I have 
explained in my treatiſe of epicycloids. 
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IV. An extract of ſome letters written from 
Portugal and Brazil, by M. Couplet the ſon, 
Abbot Bignon, prefident of the royal aca- 
demy of ſciences. 


The longitude of Liſbon. 


Among many obſervations of the ſatellites of 
Jupiter, which I made at Lisbon in 1698, there 
was one, which was likewiſe obſerved at Puris, 


in the royal obſervatory by M. Caſſini. It was 
an immerſion of the firſt ſatellite into the ſhadow 


of Fupiter on May 7, 1698, as follows. 

It is well to obſerve beforehand, that I placed | 
myſelf upon Sr. Katherins mount, ſituated to 
the S. S. W. of the town, in a convenient place 
for theſe ſort of obſervations; that I was per- 
fectly aſſured of the ſtate of my pendulum, and 


that I made my obſervation with a teleſcope of 


17 feet, and exactly of the ſame force with that 
which M. Caſſini uſed at Paris for his. 1 
May 7, 1698. The total immerſion of the firſt 
ſatellite into the ſhadow of Jupiter, obſerved | 


At Paris at „ 11 9 21 P. M. 
At Lisbon at 10 17 30 


— 


T he difference of the merid. 05 5 51 
Which comes to — ii 
by which Lisbon is more eaſterly than Paris. 


Suppoſing the longitude of Paris 219 only, as 


there are ſtrong preſumptions to make it, that of 


* It 


Li cbon will be — $ 2 13 
This difference of the meridians between Paris 


and Lisbon, is much greater in Sanſon's maps, 
which have paſſed without contradiction for the 


beſt 
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beſt theſe thirty years. Lisbon appears in them 


more weſterly than by our obſervations by 52 15 


of degrees, which are equivalent to 16 or 17 
leagues in this parallel. 

On the contrary the new ſea-charts, printed by 
order of the king ſix years ago, make Lisbon 


| leſs weſterly than our obſervations by 27. 45 of 
degrees, which is above 9 leagues. Thus the 
diſtance between the meridians of Paris and 


Lisbon, marked in the new ſea charts, is diffe- 
3 
rent from that of San ſon s maps 1 20; which is 


conſiderable, being more than o of en true 
diſtance which reſults from our obſervations. 


The latitude of Liſbon, 


As there is no great difficulty in obſerving the 
latitude, it is not ſo eaſy to miſtake it, provided 
one has inſtruments of a reaſonable fize. The ob- 
ſervations that I have made of the latitude of 
Lisbon, will ſerve to confirm that which is 
marked in the new ſea-charts. As for the lati- 
tude of Lisbon, marked by Sanſon in his parti- 

3 


cular map of Portugal in 1654, at 38 27, it is 
ſo far from truth, that I do not believe any 
body can be miſtaken in it; alſo in a general 
map of Spain which * has made ſince, he has 


increaſed it all at once 23. 

I obſerved the polar ſtar at the end of Decem- 
ber 1697, with an inſtrument of 1 foot + radius, 
furniſhed with glaſſes with threads, and I 

found at Lisbon, 


The 
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The greateſt meridian height of they ® .. - 
por ar _ - = 7 wo T 
The leaſt height of the ſame „ 36 28 6 


The difference of the two heights is 4 37 40 

The half of this difference is - - 2 18 50 

Adding this half difference, with the 
leaft height of the polar ſtar, we (28 46 30 
ſhall have for the app hg a. 
of the pole 

From which ſubſtracting the ſuirable 1 
refraction 0 * 2 


* "LING 


There remains = -. of 45 2 25 
for the true height of the pole at Lisbon. 


The declination of the needle at Liſbon. 


Dec. 26, 1697. I obſerved at Lisbon the de- 


 clination of a nr needle 6 inches long by 
the means of 'a meridian line, which I had drawn 
ſome days before with great exactneſs, and I 


found it to be 4 18 N. W. 


The difference of the length of the 18 at 
Liſbon and at Paris. 


Before I left Paris, J had regulated my link 
at the royal obſervatory in July and the begin- 
ning of Aug. 1697, and I had put it to the mean 
motion, where it had remained a conſiderable 
time to be aſſured of it. Having left it in the 


ſame ſtate, I ſet it a going at Lisbon tre Nov. 
' EN 


following, and I obſerved, that ir loſt 2 13 1n 
24 hours. As I had found that in raiſing the 
little weight as high as it could, it did not acce- 
lerate the motion of the pendulum an entire mi- 


nute, which was not ſufficient ; I determined to 
7 | ſhorten 
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ſhorten the pendulum, and after many attempts, 


I found that the pendulum of the clock ſhould 
be ſhorter at Z$60n than at Paris by 2 lines 2. 


The latitude f Paraiba. 


As the ſky. was often cloudy, I was above a 
month in xgulating my clock, becauſe there 
wanted a-great many obſervations to have the 
length of the pendulum, and during this I took 
the height of the ſun ſeveral times; from enen 


1 conclude, that this town is at 6 58 18 of 
ſquthern latitude. 


The declination of the needle at Paraiba. 


May 20, 1698, having firſt carefully drawn a 
meridian line, which I uſed - for aſtronomical ob- 
ſervations, I obſerved the declination of the mag- 


netical needle to be 5 35 N. E. 


De difference of the length of the pendulum a at. 
| Paraiba and at Paris. 


When I arrived at Paraiba in March 1698, 
my firſt care was to regulate my clock, and to put 
it exactly into mean motion, as well to know the 
difference of the length of the pendulum, as to 
prepare myſelf to make the obſervations of the 
ſatellites of Jupiter for determining the longitude 
of this town. At firſt, I put the pendulum again 
into the ſtate where it was when J left Paris, and 
ſet it a going, J found that it loſt of its mean 


motion 4 12 in 24 hours. I then ſhortened the 
pendulum ſeveral times, and at laſt having re- 
gulated it upon the mean motion, I found that 
the pendulum muſt be ſhorter at Paraiva than at 


Paris by 3 lines; 
Vor. I. Ne. 6. os | Il 
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I afterwards put the ſame dock in the ſtate 
where it was, when I uſed it to make my obſer- 
vations at Lisbon, where I had regulated it upon 


the mean motion, and I N that in this 
Tate it loſt at Paraiba 2 5 in 24 hours. 


Altho? the difference which is found between 
the two pendulums of ſeconds taken at Paraiba 
and at Paris, is, as we have obſerved, but 3 
lines =, which is not conſiderable in a kngth of 
3 or 4 feet, as were thoſe which we compared; 
nevertheleſs it cauſed a ſenſible error, (as it is eaſy 
to ſee, fince we know that the times employed in 


the vibrations of the pendulums are between therh- 


ſelves as the roots of their heights) by which we 
ſee, that if at Paraiba we made uſe of a pendulum 


of ſeconds, like that at Paris, that is, 3 feet. 


8 lines 2, inſtead of 3 feet 4 lines zz, which 


it ſhould have in this part of Brazil to ſwing the 


ſeconds. Then its motion would be ſlackened, 


that in the ſpace of an hour it would not give 
more than about 3585 oſcillations inſtead of 
g600, which it gave at Paris, which is near 


I 5 difference in an hour; and on the contrary, 
if the pendulum of ſeconds of Paraiba, that is 


3 feet, 4 lines 5 was put into motion at Paris, 


where it ought 1 to be 3 feet, 8 lines 2, it would 
accelerate and give 3613 vibrations in an hour, 
inſtead of only 3600 which it gave at Paraiba. 
Theſe obſervations, added to thoſe which have 
been made by many of the learned, ſufficiently 
confirm, that the nearer we are to the equator, 


the more we muſt ſhorten the pendulum ; but 
the relation between theſe different contractions, 


which do not follow the proportion of the diffe- 
rent latitudes, with which they agree, is hitherto 
unknown to us; altho many able philoſophers 

have 


8 
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have endeavoured to explain it to us; and to ar- 
rive at it, there muſt be yet a great number of 
obſervations on this ſubject, which altogether may 
perhaps at laſt, by their numerous compariſons, 
diſcover to us the true cauſe which has been long 
ſought for. 

The attention that we muſt have to know the 

true length of the pendulum, proper for the place 
where we obſerve it, is not confined to aſtrono- 
mical obſervations, but is alſo eſſential in an in- 
finite number of things; as for example, in the 
gauging of current waters, in the practice of which 
we commonly uſe the ſimple pendulum, whoſe 
length is meaſured, as we know from the centre 
of the ball to the point of ſuſpenſion, and this 
length of the pendulum, proper for the place 
where we are to make obſervations, mult be 
meaſured with exactneſs, ſince, that ſpring, for 
example, which at Paris would ſupply 3600 in- 
ches of water in one hour, determined by the mean 
of the pendulum of the true length, that is, of 3 feet, 
8 lines & would ſeem to ſupply 3615 inches, if 
we uſe there a pendulum of 3 feet, 4 


8 ſuch as we muſt at Paraiba, thus we ſhall be 


miſtaken 15 inches of the running in each hour. 

I cannot caſt my eyes upon theſe aſtronomical 
obſervations that I made at Paraiba, without re- 
collecting an accident which happened to me at 
the ſame time. As I do not believe any author 
has ever ſpoken of the ſame thing, it will perhaps 
be agreeable to find it here. There is in Brazil 
a ſort of ſerpent, about 2 feet long, and 3 0 4 
inches round, called by the Portugueſe cobra de 
los cabepas, or two headed ſerpent ; not that it 
really has two heads, as I found after having ex- 
amined it carefully, for it has only at the end of 
the tail a thickneſs, which has at a diſtance the 

G g 2 ap- 
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appearances of a head. The Brazilians or Ma- 
Zombes, and after them the Portugueze, have 
taken it for a head ſo much the more eaſily, be- 
cauſe they extremely feared this ſort of ſerpent, 
for they ſuppoſe there is no cure for the ſting of 
it. They know even that it is dangerous to 
touch it after it is dead, and probably it is this 
which has kept them from examining it. They 
told me, that only the touching of it would bring 
the itch; I neglected this wholeſome advice, 
which I looked upon as an effect of their fear, 
but I was puniſhed for my boldneſs ; for having 


killed ſeveral of theſe ſerpents, I layed ſome of 


them to examine them, and preſerve the ſkin 
and 2 or 3 days after, I ſaw myſelf really covered 
with puſtules, which were filled with a red wa- 
ter: they remained a long while, and even three 


months after, I was not entirely free from them. 


There are in the country ſerpents of an extra- 
ordinary ſize, I killed one with a gun in the 
woods between Paraiba and Pernambouc, which 
was above 15 feet long, and 16 or 18 inches 
round; it was all covered with ſcales, black, 
white, grey, and yellow, which altogether made 
a very beautiful appearance: the bite of theſe 
ſerpents is venemous, nevertheleſs the Brazilians 
and Blacks made no difficulty of eating the fleſh. 
This ought not to appear more ſtrange, than that 
which is obſerved in the manibot, the meal of 
which is the moſt common food in Brazil, and 
the juice is a poiſon, as J have tried upon a dog, 
which I made drink leſs than half a tavern-glaſs 
of it at eight o' clock at night. I obſerved him 
for ſome time, without perceiving any ſenfible 
alteration. I ſhut him up that night, and the 
next morning I found him dead, 


Y. 
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v. A general method of throwing bombs in all 
caſes propoſed, with an uni ver ſal i »frument 


for this purpoſe, by M. de la Hire *. 


This Þ inſtrument conſiſts only of a ſemicircular 
plate ABD, which has a rule or tail BE fixed 
upon the edge of the circle, which anſwers to the 
centre C, and of which the fide BE being pro- 
longed, meets the centre C of the circle, and is 
perpendicular to the diameter ACD of the ſemi- 

circle. The ſemidiameter CD of the ſemicircle 
js divided into 9 equal parts, and upon CE there 
are alſo marked the ſame diviſions, as upon CD. 
Each of theſe diviſions repreſents 100 toiſes, and 
they may be ſubdivided by little points into o- 
ther leſſer parts; but it will be eaſy to judge by 
the eye alone, which 1s ſufficient for theſe ſorts of 
operations. Through the diviſions of the dia- 
meter 7, 8 and 9, draw ſemicircles with their 
centre in C. 5 | | 

To the centre C of the inſtrument, is fixed a 
rule CF, which is ſlit in the middle, that it may 
let the pin G run in it, with the head turned to- 
ward the plate; the middle of this ſlit anſwers to 
the centre C of the ſemicircle. This pin G paſles 
alſo into the ſlit of another rule IH like the firſt, 
ſo that ,theſe two rules may be held faſt by the 
ſame pin, with a little ſcrew with ears, to what 
length, and in what angle you pleaſe. 

At the extremity H of the rule IH, there is a 
little round plate, the breadth of the rule, which 
ſhould* be of ſome white metal, as filver, upon 
which is marked a black point, which anſwers to 


the middle of the ſlit of the rule. Upon this 
July 24, 1700. + Plate XIV. Fig. 6. 


rule 
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rule IH, from the centre H of the ſilver pin are 
alſo marked the magnitudes C7,C8, Cg. 
The rule CF, which may turn freely upon its 
pin C, which 1s placed in the centre of the ſemi- 
circle, may be held faſt in what poſition you 


' pleaſe, upon the plate of the ſemicircle, by the 


means of a ſcrew at the end of the pin, which locks 
the plate and rule together, it muft be obſerved, 
that theſe pins C and G muſt be pointed at their 
ends, and raiſed a little above their ſcrew, | 
Along the ſemidiameter CD, there is upon the 


plate a ſlit, into which paſſes or runs a ſliding 


piece O, with a pointed head, to which is faſ- 
tened the thread of a plummet : the middle of 
this ſlit muſt be upon the diameter ACD of the 
ſemicircle. . | | 
As for the uſe of this inſtrument, it may ſerve 
at firſt to determine the diſtance from the ſtation 


where the mortar is, to the mark, without its being 
neceſſary to know the number of toiſesof this diſtance, 


This is done by taking ſome baſe of 3 or 4 hun- 
dred toiſes on the ſide of the place where one is, 
and aiming at ſome known object at this diſtance, 


by the pin C and the ſliding piece G; aim alſo at 


the mark by the pins C and G, fix the rule CF, 
in this poſition on the plate, by means of the 
ſcrew at C. Afterwards remove the inſtrument 
to the ſtation where you aimed at firſt, and then 
place the ſliding piece O at the number of toiſes 
from the point C to the other ſtation: and aiming 
alſo by the ſliding piece and by the pin C, make the 
pin G run upon the rule CG, till you ſee by the 
ſliding piece O and the pin G, the mark you 
aim at: then ſtop the pin G in this poſition, and 


the diſtance CG will be in the parts of CO the 


number of toi ſes from the ſtation where you ſhoot, 
to the mark ; which is not neceſſary co know, 


3 Pro- 
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provided the pin G is ſtopped upon the rule CF 
in this poſition. But if this diſtance was given, 
you need only place the rule CF upon the line 
CE, and ſtop the pin G in the number of toiſes 
there marked. 

To have the elevation or . depreſſion of the 
mark, with relation to the horizon of the place 
from whence you are to ſhoot, the plate muſt be 
held faſt in ſuch a ſituation, that the thread of the 
plummet. P be applied to the point A, or upon 
the diameter AD, and move the rule CF, ſo 
that you may ſee the mark by the point of the 
pins C, G. You mult then ſtop the rule CF very 
faſt upon the plate of the ſemicircle. Theſe are 
the two things we muſt always know, together 
with the force of the powder in whatſoever me- 
thod it be. 

As for the force of any certain quantity of 
powder, or of the height to which the caſt can 
be raiſed in aiming toward the zenith ; as it can- 
not be known by experiment, we know by the 
demonſtration that the point. of the horizon where 
the bomb may come, when it is caſt in an angle 
of 45, or half a right one, is alway diſtant from 
the place where you aim, double the elevation of 
the vertical caſt ; this is what is called the am- 
plitude of the caſt ; wherefore one ſingle obſer- 
vation made in this manner, and with its con- 
veniencies, may ſerve for all ſorts of caſes. 
For example, if the caſt is 1600 toiſes, the ver- 
tical or perpendicular caſt will be raiſed to 800 
toiſes. This inſtrument may alſo ſerve to make 
this caſt, as will be ſeen hereafter. 

Now for the practice of caſts, and the uſe of 
the inſtrument, you muſt place the fliding 
piece O upon the number of toiſes of the vertical 
call, as in the figure, upon the point of goo 
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toiſes, if the vertical caſt is 900 toiſes, or elſe A 
the amplitude of the caſt be 45, 1800 toiſes. Af. 
terwards move the rule IH in its groove upon the 
pin G immoveable upon CF, till the ſame divi- 
ſion of goo toiſes of this rule HI meet upon 
CE, when IH will be pretty near parallel to 
AD, or IH perpendicular to CE ; which will be 
known by turning the rule IH, if its diviſion of 
goo touches the line CE, Then if you turn the 
rule IH upon the pin G, the length GH re- 
maining always the ſame, that you found it. 
When the centre of the plate H ſhall touch the 
circle OLL of goo toiſes, ſtop the rule IH very 
faſt to the rule CF with the ſcrew which is at G. 
Now if you apply one of the ſides of the tail 
BE, which we ſuppoſe of equal breadth every 
where, within the mortar or cannon, and after- 
wards raiſe or depreſs it as much as is neceſſary 
to make the thread of the plummet P paſs by 
the point L, the caſt will fall at the mark 
deſigned. 5 

If the point H cannot meet its circle but in 
one point, there is but one ſingle caſt, which can 
go to the mark; but if it can meet it in 2 
Points, theſe 2 points, as L, will ſerve to make 
2 different caſts in the fine manner, that we 
have explained for one, which will both go to 
the ſame mark. If the point H cannot meet 
its circle, there is not any caſt which e can 8⁰ to 
the mark. 

5 T. 50 a e 

* The demonſtration of this practice depends 
upon a propoſition of the parabola, which I have 
demonſtrated, and which M. Blondel relates from 
me in Chap. 7. of part III. of his treatiſe. For 
the point G being the _ aimed at, and by 


Hg 7. 
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my conſtruction GH being equal to the difference; 


between the height of the vertical caſt CO, and 
the height of the mark G above the horizon, 
which paſſes by C, or elſe the ſum of the ſame, 
if the point G is below the horizon; or re | 
the level of the point C, that is, if GH is] 
pendicular to the horizon, the line OH wil be 
the level: therefore the points of interſection 
LL of the two citcles OL, HL, are the foci of 
the parabola's, which will paſs by C and &, and 
it is this figure which M. Blonde! has only re- 
verſed in his ſquare inſtrument, which does not 
alter the conſtruction. = 
Now I fay that the line OL being vertical or 
perpendicular, will make with OH or CE of my 
inſtrument, which is parallel to it, the angle that 
the direction of the caſt muſt make to the point 
C, without there being need to make a new. 
operation, and it is in this chiefly that the fim- 
plicity of this practice conſiſts. 
For if you draw LM perpendicular upon 
OH, and biſect it in S, the point S muſt be the 
ſummit of the parabola of the caſt. But alſo 
by the properties of the parabola, we know 
Cat the line LC being drawn, and OC being a 
diameter, the tangent CN of the parabola at 
the point C, will biſe&t the angle OCL, and con- 
ſequently the angle OCN determines the angle 
of the caſt, if OC is conſidered as vertical. But 
I fay alſo "that the angle HOL is equal to the 
_—_ OCN, which is evident, ſince the 2 rect- 
angular triangles CON, OLM, have one equal 
angle CON, OLM, the two lines CO, LM, 
being parallel, and cut by the ſame OL: there⸗ 
fore in the inſtrument, if the thread of the plum- 
met paſſes by _ it 1s plain that OH or CE, 
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or any other which is parallel to them, will give 


the inclination of the mortar, Or the line ad which 5 
the caft muſt be made. e 


It may be obſerved by the caſts of bombe or 


bullets, that as there are in Lalnſof all caſts 2 points 
as LL; there will be alſo 2 different caſtswhich 
go to the fame mark, but the upper one wilt be 
more fit, to make its effort againſt bodies which 
are placed in a level, and the other caſt will have 


more effect againſt bodies that are ee 
as walls. 
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PAPERS contained in the ABR IDGMENT 
of the HisToRy and MtmMoirs of the 


Royal ACADEMY of Scifnces at 


Pars, for the Year Mpcct. 
In 'the HISTORY, 


* NM the declination of the needle. 


II. A method propoſed for obſerving the flux 
and reflux of the ſea in the ports, 
III. On the continuation of motion. 


IV. Of an extraordinary ſort of ants in Surinam, 


V. Of a black ſand found in Italy. 


VI. Of another ſort of fand found in the mountain 


F Piſaro, which being viewed by the mi- 
 croſcope, appears like precious ſtones. 
VII. Of the fatal effects of the damps in a well 
at Rennes. 
VIII. An improvement in the art of dialling, 
IX. On the poſition of the axis of . with 
regard to the wind. 


In the MEMOIRS. 

I. Of the new phoſphorus, by M. Bernoully, 
profeſſor at Groninguen. Extratted . — 
one of his letters written at Groninguen, 
Nov. 6, 1700. 

II. Obſervations on the rain. water, which fell at 
the royal obſervatory in 1700; with ſomę 
remarks on the thermometer and barometer, 


by M. de la Hire. 
” Hhz 5 


4 


244 A TABLE, &c. 

III. A letter from M. Bernoully, profeſſor at Gro- 
ninguen, concerning his new phoſphorus. 

IV. Remarks on the meaſure and weight of water, 
by M. de la Hire. 

V. Anatomical obſervations made on the ovaries 
of cows and ſbrep, by M. du Verney, jun. 

VI. On the circulation of the blood of thoſe fiſhes, 


which have gills, and on their reſpiration, by 
M. du Verney, jen: | 


11 
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ABRIDGMENT 


O F THE 


| PurL.oSOPRICAL' DiscoveRIEs wit Os- 


SERVA TIONS, in the HisTory of the 
RoYAL_ ACADEMY of SCIENCES at 
Paris, for the Year 1701. 


1. On the decli ati en of the needle ; tranſlated 
by Mr. Chambers. 


having made a voyage to the ſouthern 
parts, has, among other philoſophical treaſures, 
brought with him a general theory of the varia- 
tion of the loadſtone. 


In the vaſt ſea which ſeparates Europe and A. 


frica from America, he finds four ſeveral places 
wherein the needle does not decline at all. 


Firſt, In 189— of weſtern longitude and 


29 of northern tue. 


Secondly, In 49 ——— of weſtern longitude. 


and 3752 of ſouth latitude. 

T. hirdly, In 10°. — of weſtern longitude, 
and 164 of ſouth latitude. 

Fourthly, In 64. . — of weſtern longitude, 
and 3104 of north latitude. 


The Jongitudes being all reckoned from the 
meridian of London. 

Having theſe four points, he imagined that 
they might be comprehended in a curve: line, 
which ſhould ſurround the terreſtrial globe, and 
under which the needle ſnould have no variation, 


but in all places on one fide of N the variation 
ſhould 


R. Halley, a learned Engliſh philoſopher, 
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Mould be eaſtern, and in all thoſe of the other 1 


veſtern. 73 | 
This notion, ſo new and pleaſing to the mind, on 
account of that order which it introduces into a 
matter, whereof there was before no appearance, 
would be ſtill further deſirable for the improve- 
ment of navigation in long voyages, where it is 
very inconvenient to be in a perpetual diſtruſt of 
the needle, and not to dare jntirely to credit aþy 
calculus depending thereon. „ 

Dr. Halley had the ſatisfaction to find, that all 
the other obſervations in his whole voyage agreed 
with and confirmed this ſyſtem, the declination 
being always found eaſtern or weſtern, and greater 
or leſs, according as the places whereon this or 
that ſide of the curve line exempt of all varia- 
. and as they were more or leſs diſtant there- 
1 9 

But M. Caſſini the younger, being employed 
in continuing the meridian of Paris thro' the 
ſouthern provinces of France, and obſerving at 
the ſame time the ſeveral declinations of the load- 
ſtone in the ſeveral places, did not find them al- 
rogether ſuch as they ſhould have been by Dr. 
Halley's ſyſtem; for continuing the lines, which that 
author had drawn on the ocean thro? the inter- 
mediate lands and Mediterranean ſea into the 
continent of Europe, it appeared, that the decli- 
nation, for inſtance, in the gulph of Lyons is 29— 
greater than it ſhould be by the new doctrine— 
But the reaſon may be, that the laws of variation 
undergo ſome change between the ocean and ſuch 
diſtant continents, and it would be well worth our 
attention to obſerve this defect of uniformity, and 
find the meaſure and quantity thereof; the leaſt 
we can do is to favour, as far as nature will allow 
| — 
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us, ſo beautiful a diſcovery, and never to give it 
up till we can no longer hold it. | 


If it be true, that the line of no variation will : 


be movable on the ſurface of the earth, ſince the 
variation changes in the ſame places at the rate 
of 11 or 12 minutes in a year; but it may be 
added, that this variation ſeems confined within 
certain bounds, for in the whole courſe. of time 
that the needle has been known to point towards 
the north, it has altered ſo little as to leave the ob- 
ſervers till of late in the error of believing it di- 
rected preciſely to the north; and upon the 


whole, tis not improbable, but that the motion of 


the line of no variation is included between a kind 
of cropicks,;. : i... 


II. A method for obſerving the flux or re- 
ux of the ſea in the ports, tranſlated by 
Mr. Chambers. 175 


Tho' the tides have paſs'd for a myſtery al- 
moſt impenetrable to the human mind, yet the 
cauſe thereof ſeems at length diſcover'd ; but 
what will appear ſurprizing, we have more room 
to flatter ourſelves upon having the true ſyſtem, 
than upon exact obſervations of its Phenomenon. 
The academy therefore bethought themſelves of 
procuring ſuch obſervations from different places, 
and accordingly a memoir was drawn up by Fa- 
ther Gouye and M. de la Hire, upon the hints 
and ſuggeſtions of the whole company, and pre- 
ſented to the co untde Pontebartrane, who having 
the direction of marine matters, ſent it into all 
the ports of France; its tenor is as follows: 
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4 method of obſerving the flue and reflux of the 


ſes in ſea ports. 

4 K place is to be pitch'd on well ſhelter'd, 
where the ſea has no other motion beſides its flux 
and reflux ; her. a ſtake is to be planted, ſur- 
paſſing the greateſt height to which the water 
riſes in ſuch place. e 

2. This ſtake to be divided into 2 inches, 
reckoning from the ſurface of the ground, and 

rallel lines to be drawn thro? each diviſion, 

At each tide it is to be noted in a journal, 
what diviſion of the ſtake the ſea was at, when 
either higheſt or loweſt, and if this happen to 
fall between 2 diviſions, the interval to be eſti- 
mated as nearly as may be. 

4. The hour and minute when the ſea appears 
either higheſt or loweſt on the ſtake, is likewiſe 
to be obſerved by a well regulated watch. 

5. If the ſea at low- water retire from the ſtake, 
it may ſuffice to mark the diviſion it is at when 
higheſt, and the time thereof. 

6. Let it be obſerved, as often as may be, at 
what preciſe time the ſea arrives at the ſame de- 
viſion both riſing and falling. 

7. Obſerve what winds blow while the ſea 
riſes and falls, and in what direction the tide 

drives both riſing and falling. 

8. Obſerve the croſs wind of the road, as alſo 
chat which ranges the entrance of the port. 

Laſtly obſerve a few times in a year, whether 
there be not a little reſt between the times, when 
the ſea riſes and falls, in order hereto it will bg 
proper to moor a ſloop in the road in calm wea- 
ther, and a-croſs the edges of the ſloop to place 
a little wooden axis fitted to turn readily, at each 


end, whereof may be a little pa: whoſe 
| arms 
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arms to enter 3 or 6 inches in the water, between, 
the 2 contrary motions of the ſea, it will be eaſy 
to obſerve whether this machine do not remain 
ſome time, without turning, and in caſe it do, 
how long ſuch ceſſation continues. 


III. On the continuation of motion; tranſiuted 
by Mr. Chambers, 


The firſt notions of phyſicks, for inſtance, the 
eſſence of matter, and the nature of motion, tho? 
the moſt ſimple in themſelves, are not yet the 
cleareſt, and thoſe principals which it ſeems ought 
to be perfectly known before we go farther, re- 
mains ſtill in great meaſure unknown, and we 
advance nevertheleſs. _ 

Why a ſtone thrown upwards by a hand, con- 
tinues to move after the hand has quitted it, is no 
eaſy queſtion, and perhaps may be longer e er it 
be ſolved, than the cauſe of the ebbing and flow- 
ing of the tide. 

Deſcartes maintains, that motion is a Kind of 
being, which by its nature ſhould always continue 
as well as reſt, and that the ſtone once put in mo- 
tion, would always perſiſt therein, if it did not 
communicate its motion to other bodies it meets 
withal, and ceas'd at length to have any motion 
kſelf, by this continual communication of it to 
others. 

An author whoſe diſſertation on the ſubject is 


printed in the memoirs of Trevozx, diſapproves 


this ſyſtem of M. Deſcartes, and after combating 
it very ingeniouſly, ſubſtitutes another in its place. 


He alledges, that at the time when the hand 
moves, and raiſes itſelf with the ſtone, a column 


of air deſcends to take the place of the lifted 


hand, that the motion of this deſcending column 
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muſt be accelerated like that of all other bodies, 
that this acceleration of motion, continues after 
the cauſe of the motion has ceas'd acting, and 
conſequently, that the ſtone when it has quitted 
the hand, continues riſing not by vertue of its 
being impelld by the hand, but by the reaſon 
the air which takes its place continues to deſcend. 
But M. de la Hire hereupon obſerved, that a 
| heavy body only weighs in a fluid it floats in, by 
* reaſon ſuch fluid is lighter than the body, con- 
ſequently that a maſs of air does not weigh in 
| air of the ſame nature, that if it move and fall 
} therein *tis by the impulſe ef ſome foreign power; 
that it is no ſooner abandon'd thereby than it 
ceaſes to move; and laſtly, that there is no room 
for acceleration, ſince it is not the weight that 
acts. 
MI. Parent likewiſe attack'd the new ſyſtem, 
by a great number of difficulties, which ariſe 
from it. What for inſtance ſhould be the cauſe 
of horizontal motion, ſince here 1s no acceleration 
of falling air? and why, when the motion is 
both horizontal and circular, as when a bowl, 
faſten'd to a horizontal rod, is ſtruck perpen- 
dicularly to the rod, why here does the bowl 
1 turn round, ſince the air is not moved circularly, 
| but only in a right line; if the ball come of 
i the rod it would continue moving according to 
the tangent, to the point of the circular circumfe- 
rence where it was then found; did the air deſcribe 
this tangent or rather all the poſſible tangents, in 
which the bowl would continue moving if it 
came off, and what ſhould be the cauſe of re- 
flection on this hypotheſis? The air you will 
1 lay, which goes before the moving body, being 
þ reflected upon meeting the obſtacle, carries the 


f body back with it; bur if the obſtacle were 
removed 


r 
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removed as ſoon as the air has made its impulſe, 


ere the body be arrived, would i it be reflected not- 


withſtanding : ? 


1 07 an e nary fort ef ants in 
Surinam. 


M. Homberg fereived a leer dated Jan. 24. 
1701, from Paramaribo, a Dutch ſettlement in 
the province of Surinam, on the N. coaſt of S. 
America. This letter relates, that there are in 
that country a ſort of ants, which are called by 
the Portugueze viſiting ants, and with good rea- 
ſon. They march in troops, and like a great 
army. When they ſee them appear; they open 
all the boxes and cabinets in their houſes; they 


enter and extirpate rats, mice, cackerlacs, which 


are inſects of the country, and in ſhort, all the 
noxious animals, as if they had a particular miſ- 
fon from nature, to puniſh them and deliver men 


from them. If any one is ungrateful enough to 


anger them, they fall upon him, and tear in pieces 
his ſhoes and ſtockings. The misfortune is, that 
they do not make their proceſſions often enough. 
They would be gladto ſee them every month, and 
they are ſometimes three years without appearing. 


V. Of a black ſand found in Italy. 


M. Geoffrey being in IJlaly obſerved a black 


ſand, which they commonly uſe for writing. It 
is very much mixed with little flat, and ſhining 
particles, like enamel, all the others which com- 
poſe it are without any gloſs. In putting ſome of 
this ſand near a loadſtone, M. Geoffroy ſaw, that 
it had only the little obſcure particles which fixed 


themſelves to it; from which he judges, that they 
Th are 
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are iron or loadſtone; but he is ſure they are „ N 
{ | loadſtone, becauſe iron does not draw them at all. 
As for the ſhining particles, he believes them to 
be a black talky powder, and indeed they find 
talc in many places in Italy; and M. Guffry has 
obſerved, that about Rome, when the ſua begins? 
to appear after rain, all theſe little atoms of talc, 
which have juſt been waſhed, wy and. have "oh 
very agreeable effect. 
The ferruginous particles of the black 9 1 
thrown into the fire, do not flame at all, as file- 
ings of iron do. This comes from their being 
half vitrified, and cloathed with a very earthy. 
bitumen, which ſerves them for a varniſh, and n 
| | defends them from the action of the fire. 
The great quantity of black ſand which they 
And in /taly, is upon the ſurface of the earth as a 
ſort of indication of its compoſition. within, and 
the volcanos which make ſuch ravages there, e. 
| on the ſame cauſe with ' theſe ferruginous 
particles, reer b. a earned A and . 
| vitrified. nn 08 


VL eee of _ fond * 


mountain of Peſaro, which being viewed 


by tbe N _ like DO 


tones. 


Another ſand 83 upon the. mountain of Pe- 
faro, .drew alſo the curiofity of M. Geoffrey. It 
is by its extreme hardneſs. very fit for working 
perſpectiive. glaſſcs, for it reſiſts a great while at 
this work, whereas the other ſand turns ver 
ſoon to a powder ſo fine, that it does · not grind 
any longer upon the glaſs, and they are ob] — 
to change it very often. This ſand of Peſaro is . 
mixed with little particles, ſome as Clear as _ 
| | | —_—_ 


3 
; þ 
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ol others as green as emeralds, others like ame- 
thyſts, topazes and jacinths z and when we view 
this duſt with a microſcope, it is a ſurprizing col- 
lection of precious ſtones. There is however a 
conſiderable quantity of particles of 1 iron, as in 
che black land of Rome. | 


VII. o the fatal Heer of the damp i 1 


well at Rennes. 


There is in the city of Rane 1 near hs Sits 
Morlaix, a well made three or four years ago, 
into which a maſon let fall his hammer. A la- 
bourer, who would fetch it up again, going 
jerry was ſuffocated in approaching to the wa- 

A ſecond, who went thither to draw up the 
432 body, had the ſame fate; and likewiſe a 
third. 5 laſt, they let down a fourth, half 
drunk, and well tied, whom they had charg 422 
cry as ſoon as he perceived any diſorder. 
cried as ſoon as he was near the water, and they 
drew him up quickly; but he died three ys 
after. They let down a dog, which cried at the 
ſame place, and died three days after having been 


dran up. When they threw water upon the dog 


while it was dying, he recovered, like thoſe which 
are thrown into the famous Grotti di Cane near 
Naples. The three bodies were drawn up with 
hooks and opened; but they could not find any 
cauſe of their death. What is very ſurprizing is, 
chat this is not new ſtirred earth, which is the 
cauſe of theſe fatal accidents; and that they drink 
every day the water of this well without incon- 
veniency. F. Louvard, a benedictin of the abbey 
of St. Denys, received this account from Rennes, 
and communicated it to M. YJarignon, 


vn. 


284 47 be HroToRY and Mextorns " ne 


VII. An improvement i in the art of dialling. 


When we makeadial, we muſt begin by find- 
ing what the poſition of the plane is, for antes 
of the wall where we would make it, with regard 
to the ſun, and the principal circles of the heavens. 
At firſt the compals preſents itſelf for this uſe 
but experience ſoon undeceives us. The iron 
which is almoſt every where in buildings turns the 
magnetick needle irregularly, and gives it ano- 
ther declination than that which we know it ought 
to have, and upon which we reckon ; and if it had 


only its natural declination, the compaſs is too 


ſmall an inſtrument, to give exactly the divi- 
fions and the parts of a degree, which will be 
neceſſary to the juſtneſs of the operation. ö 
Me had then recourſe to 2 or 3 points of ſha- 
dow taken upon the plane of the dial. They ſerve 
to determine the poſition of it, and to find after- 
wards by the theory of gnomonicks all the lines 
that we would repreſent. It is upon them that 
all the juſtneſs of the dial depends. They are 
taken in the ſame day at 3 or 4 hours frotn one 
another. They muſt be taken as diſtant as poſ- 
fible, becauſe all the other points, and the inter- 
mediate lines are afterward more difintangled. 
To have theſe points as diſtant as they can, 
there muſt be two things: 1. They muſt be taken 
in the ſolſtices, or within 10 or 12 days of them. 


at moſt, becauſe the farther. the ſun is diſtant from 


the equator, which is commonly repreſented upon 
the dial by a right line, the more the lines which 
repreſent the circles paralle] to the equator, are 


ſenſibly curves, and conſequently their points 


which anſwer to the ſame hours, are farther diſ- 


tant from one another. ; 
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a The ſtile muſt be long, for the ſhadow of its 
extremity makes ſmuch the more way, and the 
points which mark the ſame hours are much far- 
ther diſtant. 

But the ſeaſon of the ſolſtices, and the lengrh of 
the ſtile, have their inconveniences, _ 

It is very troubleſome to work in the air in 
either ſolſtice. The fun does not often appear 
long enough, or often enough in a day; and in- 
deed it is à great confinement to have but theſe 
two very ſhort times to make a good dial in. 

It is exactly the extremity of the ſhadow of the 
ſtile that muſt be had, that is, the ſhadow of a 
ſingle point. But it is very difficult to have it 
exactly, becauſe the extremities of a ſhadow are 
always ill rerminated, and uncertain; -and beſides 
light has a certain trembling, which becomes 
more ſenſible at the extremity of the ſhadow of a 
greater body. Therefore the late M. Picard, and 
M. de la Hire have each invented a different 
plate, to take more exactly the end of the 
ſhadow of the ſtile. The deſcription of it may 
be ſeen in M. de la Hires treatiſe of gnomo- 
nicks, printed in 1698. 

But however ingenious theſe methods may be, 
M. Parent has obſerved, that with their help, it 
is yet difficult to have the ſhadow of the end of 
the ſtile very juſt, and he has thought of another 
method, which gives this ſhadow very exactly, 
and at the ſame time renders the conſtruction of 
the dial independant of the ſolſtice, - Beſides, the 
points of ſhadow, which by the common method 
are obliged to be taken in the ſame day, may be 
taken at very diſtant times, even at ſix months, 
 * M, Parent's method conſiſts in the uſe of an 
inftrument DBHFG, which is a kind of frame, 


Plate XV. Fig. 1. 
5 of 
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= 2”, F 8 n 
* » 
4 7 


2 56 The HrsTory and MemorRs of the | Ws 
of which the two ſides BH, FG, are 3 
joined and parallel between themſelves. FG muſt 


be about two feet long, and there put a teleſcope 


which has two threads croſſed at its focus. Upon 
the ſide HBD, in its whole length BD, it muſt 
have at the face oppoſite to the teleſcope a groove, 
exactly parallel to the axis of the teleſcope. BD _ 
muſt end in a point D, 10 
line with the groove. 8 
Chooſe in the night any fixed 4 The ob- 
ſerver ſees it with the teleſcope FG, and at the _ 
ſame time carries the inſtrument DBHFG upon 
his ſhoulder, the fide HBD being that which | 
lies upon the ſhoulder, which determines the diſ- 
rance of two parallel ſides of the inſtrument to be 


ich 2775 be in a right 5 


only one foot at moſt. The obſerver muſt have 


engaged in the groove the end of the ſtile that he 


deſigns for the dial, and at the ſame time turn his 


back to the wall where he would draw it. Con- 
ſequently the point D will be in the air, and in 
this ſituation, not loſing ſight of the ſtar, which 


he ſees at the interſection of the threads, he walks 
by degrees backward toward the wall, till he _- 


ſtrikes it with the point D. It is viſible, by the 
conſtruction of the inſtrument, and by the nature 


of the operation, that this point D marked upon 7 85 


the wall, is the very exact extremity of a ray 
conducted from the ſtar to the wall by the end of 
the ſtile, and we ſee at the ſame time by this prac- 
tice what are the principal attentions required, 
both by the conſtruction of the inſtrument and =; 
the operation. 

In like manner we take a ſecond or third point 
of ſhadow of the ſame ſtar, but at as diſtant 
hours as we can. It does not in the leaſt ſignify 
that it be in the ſame night, becauſe the motion 
of the fixed ſtars being very dow, in proportion 


6 
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whereas' we ſhall not hoes chr ton. e from 
one day to another. | 

The ſtar muſt be 3 as near che equi 
as it can; it is plain that the points of ſhadow. 
at different hours will be moſt diftant; 

To be more fare of the operation, you m | 
take with different ſtars the points of ſhadow 

that you have occaſion for. If the lines thar are 

to be 0 e by the means of theſe points, are 
found to be the ſame in ufing the points of dif- 
ferent ſtars, „the operation has been made with 
all "poſſible pong If they are not the ſame, 

there muſt be o thers' "0 eee keep: e 

ln adding to the inſtrume db upon! BD, a groove 
ppoſite and parallel to that which is abſolucely = 
neceſſary, we ſhall put it in a ſtate of proving 

itſelf, For you may turn it upon the two op po- 
ſite faces of the fide BD, and in theſe two ſitu- 
ations: ſee. the ſame. ſtar, the: end of the ftile be- 
ing always engaged in one or other of the grooves. 

And if you find always the ſame point upon the 
wall, wen two fides HBD, GF, are in an exact 
e ee e is LT: the rn of the 

inſtr ument. 1 1 | 

To this new Aan; wh is only for the 
pra ice of dials, M. Parent ng ons two others 
which regard the theory. 

WM 2225 is a portable dial very dens, and 
very uſual in compaſſes, invented by M. de 
Vauleſard. It is an azimuthal one joined with a 

horizontal. It has very great advantages, but it 

is always determined to à certain height of the 
pole, and is uſeleſs out of that. M. Parent 
having ſtudied a great while to remove this 

i FE KK fault, 
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of which the two ſides BH, FG, are ſtrongly 
Joined and parallel between themſelves. FG muſt 
be about two feet long, and there put a teleſcope 
which has two threads croſſed at its focus. Upon 
the ſide HB D, in its whole length BD, it muſt 
have at the face oppoſite to the teleſcope a groove, 
exactly parallel to the axis of the teleſcope. BD 
muſt end in a point D, Which __ be in a right 3 
line with the groove. | 

Chooſe in the night any fixed them The ob- 
ſerver ſees it with the teleſcope FG, and at the 
ſame time carries the inſtrument DBHFG upon 
his ſhoulder, the fide HBD being that which 
lies upon the ſhoulder, which determines the diſ- 
rance of two parallel ſides of the inſtrument to be 
only one foot at moſt. The obſerver muſt have 
engaged in the groove the end of the ſtile that he 


deſigns for the dial, and at the ſame time turn his 


back to the wall where he would draw it. Con- 
ſequently the point D will be in the air, and in 
this ſituation, not loſing ſight of the ſtar, which 
he ſees at the interſection of the threads, he walks 
by degrees backward toward the wall, till he 
ſtrikes it with the point D. It is viſible, by the 
conſtruction of the inſtrument, and by the nature 
of the operation, that this point D marked upon 
the wall, is the very exact extremity of a ray 
conducted from the ſtar to the wall by the end of 
the ſtile, and we ſee at the ſame time by this prac- 
tice what are the principal attentions required, 
both by the conſtruction of the inſtrument and 
the operation. 

In like manner we take a ſecond or third point 
of ſhadow of the ſame ſtar, but at as diſtant 
hours as we can. It does not in the leaſt ſignify 
that it be in the ſame night, becauſe the motion 
of the fixed ſtars being very flow, in proportion 

| tO 
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to that of the fun, we ſhall find it again at the 
end of fix months, in the ſame. fenſible poſitron, 
whereas we ſhall not find the ſun again from 
one day to another.. 
The ſtar muſt be taken as near the equator 
as it can; it is plain that the points of ſhadow 
at different hours will be moſt diſtant. 
To be more fure of the operation, you may 
take with different ſtars the points of ſhadow 
that you have occaſion for. If the lines that are 
to be drawn by the means of theſe points, are 
found to be the ſame in uſing the points of dif- 
ferent ſtars, the operation has been made with 
all poſſible juſtneſs. If they are not the ſame, 
there muſt be others drawn which keep exactly 
the middle. 
In adding to the inen upon BD, a groove 

oppoſite and parallel to that which is abſolutely 
neceſſary, we ſhall put it in a ſtate of proving 
itfelf, For you may turn it upon the two oppo» 
ſite faces of the ſide BD, and in theſe two ſitu- 
ations ſee the ſame ſtar, the end of the ſtile be- 
ing always engaged in one or other of the grooves. 
And if you find always the ſame point upon the 
wall, the two ſides HBD, GF, are in an exact 
paralleliſm,” which is 0 the perfection of the 
inſtrument. , 

To this new invention, which is only for the 
practice of dials, M. Parent has added two ane, 
which regard the theory. 

There is a portable dial very ingenious, and 
very uſual in compaſſes, invented by M. de 
Vauleſard. It is an azimuthal one joined with a 
horizontal. It has very great advantages, but it 
is always determined to a certain height of the 
pole, and is uſeleſs out of that. M. Parent 
having ſtudied a great while to remove this 


Vol. I. No. 7. K k fault, 
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fault, and to render it univerſal, is at length ar- 
rived at it. M. Parent's new dial has alſo the 
convenience of not having need of any foreign 
meridian, and to find out the eaſt itſelf. 
But it is true that it is charged with a great 
number of lines, of which many are curves, and 
difficult to deſcribe. M. Parent has therefore 
thought of another, which preſerves all the ad- 
vantages of the firſt, is univerſal/ and finds the 
eaſt itſelf, and with al this is only rectilineal. 


VIII. Or the poſition of the axis of windmills, 
with regard to the Wind. 2 


A windmill, conſidering einig the ae Gals 
which turn by the impulſe which they receive 
from the wind, is a more ingenious machine, 
depending upon much finer principles than we 
think, and whoever ſhall reflect upon them for 
the firſt time, will ſee that it is not very ea to 
ſay why the mill turns. 

In order to this, we muſt ſuppoſe the the cory 
of compound motions. A body which moves 
perpendicularly againſt any ſurface, ſtrikes it 
with all the force that is in it; if it moves pa- 
rallel to this ſurface, it does not ſtrike it at all; 
in fine, if it moves and meets it obliquely, this 
motion which partakes both of the perpendicular 
and the parallel, and is compounded of them, 
has no effect upon the ſurface, but ſo far as it is 
perpendicular, and according to the proportion 
of what perpendicularity it has to what it has of 
paralleliſm, and drives the ſurface only according 
to the perpendicular direction, which enters into 
its compoſition. Thus every oblique direction 


of 3 motion, is the diagonal of a parallelogram, , 
ot 
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of which the perpendicular and parallel directions 
are the two ſides. 

Again, when a ith which being obliquely 
ſtruck, has received only the perpendicular im- 
preſſion, is faſtened to ſome other body, in ſuch a 
manner that it cannot follow this perpendicular 
direction, but ſome other which approaches more 
or leſs to it, then the perpendicular itſelf becomes 
the diagonal of a new parallelogram, one of 
whoſe ſides is the direction, that the ſurface 
ſtruck may follow, and the other ſide that which 
it cannot follow. Thus, when a rudder faſtened 
obliquely to the keel of a veſſel, is ftruck by 
the current of water paralle] to this keel, and 
conſequently it is ſtruck obliquely by it, we ſee 
that in drawing upon the ſurface the- line of the 
perpendicular impreſſion, that it tends to diſ- 
engage itſelf from the keel. and to get from it, 
and that this direction perpendicular to the rudder, 
is oblique to the keel. It would get from it then 
by an oblique motion: but as it cannot diſengage it 

ſelf, nor conſequently get from it, it muſt only take, 
in this oblique motion, that of the two directions 
which compoſe it, by which it may be moved 
without getting from the keel, and leave as uſeleſs 
that which would have removed it. Now the 
direction, according to which it may move with- 
out getting from the keel, is that which makes 
it move circularly about its extremity as a centre; 
then all the effect of the oblique ſtroke of the 
water upon the rudder is reduced at firſt to a per- 
pendicular impreſſion, which is again reduced to 
make the rudder turn, or, if the rudder is im- 
moveable, to make the veſſel turn. 

In an oblique and compound motion, where 
only one of the directions is uſeful, the greater 
ratio the other has to it, the leſs ellect will the 
K k 2 motion 
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motion have, and on the contrary. In examining the 
compound motions of the rudder, we fee that the 
more oblique it is to the keel, the ratio of the 
direction, which ſerves to turn it on the other, is 
the greater; but, on the other ſide, the more 
oblique it is to the keel, and conſequently to the 
courſe of the water, which, is ſuppoſed to be pa- 
rallel to it, the weaker it is ſtruck. The obli- 
quity of the rudder has then at the ſame time an 
advantage and a diſadvantage: but as they are not 
equal, and as each of them is always varying with _ 
every different poſition of the rudder, they are 
differently complicated; ſo that it is ſometimes 
one, and ſometimes the other which prevails, and 
that more or leſs; it has been a queſtion to find 
the poſition of the rudder, where the advantage 
ſhould be greater than in any other poſition. M. 
Renau, in his famous theory of the working of 
ſhips, has found, that the rudder, to be in its 
beſt ſituation, muſt make an angle of almoſt 5 
degrees with the keel. f 
If a windmill, expoſed directly to the wid 
ſhould have its four ſails perpendicular to the com- 
mon axis to which they are fitted, they would 
receive the wind perpendicularly, and it is viſible 
that this impreſſion would tend only to overturn 
them. It was therefore neceſſary to make them 


oblique to their common axis, that they might re- 


ceive the wind obliquely. Let us conſider only one 
vertical fail. The oblique impreſſion of the wind 
upon this fail is reducible to a perpendicular direc- 
tion. This direction, which cannot be intirely fol- 
lowed by the ſail, is compoſed of two, one of which 


tends to make it turn upon the axis, and the otber 


to fall backwards. But only this firſt direction can 
be followed, and conſequently all the impulſe of 
the wind upon the fail has no other effect, than 

to 
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to make it turn from right to left, or from left to 
right, according as its acute angle turns either 
way. And the invention of this machine is ſo 
happy, that by the ſame reaſons the other three 
fails are determined to turn the ſame way. 
I he obliquity of the ſails with reſpect to their 
axis, has exactly the ſame advantage and diſad- 
vantage, with the obliquity of the rudder to the 
keel; and M. Parent having ſtudied by the ana- 
lyſis the moſt advantageous inclination of the 
ſails upon the axis, found it to be exactly the 
fame angle of almoſt 55 degrees. Probably the 
experience of thoſe who have invented mills 
made them find this angle after long trying: 
but as experience teaches us, that theſe common 
and groſs practices are by no means infallible, 
and that they often are wide of the mark, it is 
well to examine them by geometry, and be aſſured 
if what wedo is the beſt that can be done. 4 
M. Parent has even ſearched if there was no- 
thing to correct in the common practice of putting 
the axis of the mill exactly in the direction of 
the wind. Theſe are not eafy inquiries. We 
muſt find, by mechanicks, the proportion of all 
the different forces, which enter into the motion 
of a machine, according to all its different diſpo- 
ſitions poſſible, and having given them algebraic 
or analytic expreſſions, we muſt by the ſame 
analyſis find of all theſe expreſſions that which de- 
termines the greateſt force. By this learned cir- 
cuit, M. Parent has arrived only to juſtify the 
common practice. The axis of the mill muſt be 
put in the direction of the wind ; and they were 
put ſo before we were ſure that it was right. 
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OF. THE. 


Puitdropiionr Mrmoirs of the ROYAL 
ACADEMY ' of SCIENCES. at Paris for 


the year 1701. of 


I. Of the new ' phoſphorus, by M. Bechern 
profeſſor at Groninguen. Extracted from 
one of bis letters, written at Groninguen, 
Nov. 6, 1700. 


H E objections, which ſome gentlemen of 

the academy have made to my diſcovery, of 

the. light of the barometer, have been the occa- 
ſion of my making a new one, of much greater 
importance and curioſity : it conſiſts in making 
of the quickſilver a portable and perpetual ho- 
Pborus, which I can carry about, and ſend con- 
veniently and without danger whereſoever I will, 
and at all times; for it will laſt for ever, and yet 
its light, to the ſtrength of which that of the ba- 
rometer is not to be compared, never diminiſhes. 
As this diſcovery, tho? very eaſy, as you will ſee 
hereafter, has been drawn from the principles by 
which I have believed, and ſtill believe, that 1 
have explained the light of the barometer. I am. 
verily perſuaded, that I am not ſo much miſtaken 
in my judgment, as you may perhaps think, with 
thoſe gentlemen, who attribute the light of my 
barometer to the nature of my own quickfilver ; ; 
for you ſaid not a word upon the explication which 
J have given; it is apparent, that you have ta- 
ken it for a conceit, ſeeing that my experiment 
done 
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done again by ſome of your gentlemen, had not, 
the wiſhed ſucceſs; and that on the contrary, 
the barometer of M. le Marechal de Villeroy, that 
my Lord Portland gave him, produced light even 
after having been filled with his quickſilver in the 
common manner. Theſe are objections I owns; 
which ſeem to en all my reaſonings. I ought 
then to anſwer them, if I would ſupport my in- 


vention: but what ſhould I lay, if I had been; 


preſent at theſe experiments: I ſhould. perhaps 
have taken notice of a hundred circumſtances, in 
which they had not well obſerved my method of 
filling the tube : for example, the manner of 
filling it by the means of a leathern purſe, which 
you fay is equivalent to mine, has however this 
difference, that here it 1s the quickſilver that muſt 


drive the air before it, which in making ſome: 


little reſiſtance, may let ſome little remains or 


bubbles of air fix themſelves to the ſide of the | 


olaſs, which will already ſuffice to engender the 
pellicle of the quickſilver, which I have ſaid hin- 
ders the light; whereas by the ſuction it is the 
outward air, which drives the quickſilyer up, and 
which conſequently only follows the motion of the, 
air within, which by its rarefaction goes out of 
the tube, as I may ſay, voluntarily. It is not 
that I would abſolutely diſapprove this manner of 
filling the barometer by the means of a leathern 
purſe, I imagine it muſt be proper enough 
for the exciting of the light. This is then ano- 
ther fault in the circumſtances ; it may be that the 
tube which they. uſed was not dry nor clean 
enough; for the leaſt moiſture or greaſe hinders. 
the appearance of the light. This tube was alſo 
too ſlender, not being, as you ſay, above a line 
and half diameter within ; ; the largeſt tubes are 
the beſt for this * as I have known by 
I expe- 
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ſides, that the quickſilver in a large tube balances 


ther they were able to fill the tube of quickſilver 
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experience. The reaſon: of it is evident; for be⸗ 


more freely than in a narrow. 0 where the 
friction of the quickſilver againſt the glaſs leſſens 
the quickneſs of the deſcent : the pellicle which 
covers the quickſilver, if it makes any, muſt be 
more thick in a narrow tube than in a wide one, 


becauſe not being able to extend Ty" in nee 


it thickens in height. 
As for the other experiment, 1 queſtion. whe-. 


with the mouth as I do, without fuffering a little 
breath or ſpittle to get in, it being very difficult to 
hinder it, ſeeing others have not ſucceeded there- 
in. It requires a- particular dexterity; for my 
part, it is not difficult for me to do it, being able be- 


Hides by a ſort of habit to draw with my mouth out 


of a little receiver 7 of the air which it contains; 
ſo that there remains only 3 part, and without 
ſtraining myſelf too much. T have yet other con- 
jectures, which make me ſuſpect the experiments 
you mention, but as I was not preſent, I can ſay 
nothing for certain: I hope nevertheleſs, that if 
the gentlemen will make a ſecond trial of my ex- 
iment, in obſerving well what J have juſt now 


Þ an 

ſaid, they will have better ſucceſs. But I had 
rather that they would do it at night than in the 
day, altho* in the dark; for you know, that if 


in the day one goes ſuddenly into a dark place, 
the eyes being dazzled with the too great bright- 
neſs of the day, do nor ſo well perceive a faint 


light, ſuch as is : that of the barometer, tho? other- 


wiſe it may be briſk enough in the night. 

M. de Villeroys barometer, which you ſay 
made the light, after having been filled in the 
common way, throws me I own into ſome diffi- 


culty : but J ſhould have been glad to have ſeen 
— 
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it filled; and then I do not doubt but that I 
ſhould have been able to find ſome anſwer ; per- 
haps when they threw in the quickfilyer, they 
held the tube very obliquely to the horizon, to 
let the drops of quickſilver run ſoftly, as in a 
channel, which muſt have hindered the air from 
affecting it ſo much as it would have done, if 
they had let the drops fall in vertically. with im- 
_ petuolity, In effect, after having filled a tube in 
this manner with my quickſilver, I have perceived 
the light more than ordinary; but always. much 
leſs than by the manner of ſuction, or of the air - 
pump. In all caſes, why may I not ſay, that 
the quickſilver of M. de Villeroy is ſo exceeding 
well purified, that there is no more heterogenous 
matter of which the contact of the air can form 
a pellicle; and thus my wanner of explaining the 
cauſe of the light of the barometer, will be rather 
confirmed than deſtroyed. „ 

Beſides, if my explanation was not the true 


done, and it was to the particular nature of the 


quickſilver, and not to the manner of my having 
filled the tube, that the production of the light 
ſhould be aſcribed, pray tell me, why my ordi- 
nary barometer filled in the common manner, al- 
thoꝰ very much ſhaken, makes little or no light; 
whereas the other tubes, filled in my manner 
with the ſame quickſilver, make an excellent 
light with the leaſt balancing? I made again 
for the ſecond time, many experiments upon it, 
as ſoon as I received your letter. And to con- 
vince myſelf entirely, that this light was not the 
effect of a ſingular property of my quickſilver, 
which all other has not, I borrowed ſome other, 
with which I made the ſame experiments again, 
and with the ſame ſucceſs as with my own, Now 
it is morally impoſſible, that the ſecond quick- 
VOL. I. Lt filver 
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experience. The reaſon: of it is evident; for e 
ſides, that the quickſilver in a large tube balances 
more freely than in a narrow one, where the 

Friction of the quickſilver againſt the glaſs leſſens 
the quickneſs of the deſcent : the pellicte which | 
covers the quickſilver, if it makes any, mult be 
more thick in à narrow tube than in a wide one; 
becauſe not being able to- _ itſelf! in ene 
it thickens in height. 16 . 

As for the other experiment, 1 queſtion wht , 
ther they were able to filł the tube of quickſilver | 
with the mouth as I do, without faffering a little 
breath or ſpittle to get in, it being very- difficult to 
15 1 it, ſeeing others have net᷑ ſucceeded there- 

Ie requires a. particular dexteriry's for my 
Sui as difficult for me to do it, being able be- 
ſides by a ſort of habit to draw with my mouth out 
of a little receiver 7 of the air which it contains; 

| mais only + Part, and without 
fſtraining myſelf toe much. have yet other con- 

1 ng which make me ſuſpect the experiments 
you mention, but as I was net preſent, I can ſay 
nothing for certain: I hope nevertheleſs, that if 
the gentlemen will make a ſecond trial of my ex- 

periment, in obſerving well what J have juſt ne, 

ſaid, they will have better ſucceſs. But T had 
N rather that they would do it at night than in the 
day, altho* in the dark; for you know, that if 
in the day one goes ſuddenly into a dark place, 
the eyes being dazzled with the too great bright- 
neſs of the day, do nor fo well perceive a faint 
light, ſuch as is s that of the barometer, tho” other- 
wiſe it may be briſk enough in the night, 

M. de Villeroys barometer, which you! ay | 
made the light, after having been filled in the 
common way, throws me I own into ſome diffi- 
culty 1 but I ſhould have been glad to have ſeen 
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it filled; and then I do not doubt but that I 
ſhould have been able to find ſome anſwer; per- 
| haps when they threw in the quickſilver, they 
held the tube very obliquely to the horizon, to 
let the drops of quickſilver run ſoftly, as in a 
channel, which muſt have hindered the air from 
affecting it ſo much as it would have done, if 
they had let the drops fall in vertically. with im- 
petuoſity. In effect, after having filled a tube in 
this manner with my quickſilver, I have perceived 
the light more than ordinary ; but always. much 
leſs than by the manner of ſuction, or of the air - 
pump. In all caſes, why may I not ſay, that 
the quickſilver of M. de Villeroy is ſo exceeding 
well purified, that there is no more heterogenous 
matter of which the contact of the air can form 
a pellicle; and thus my manner of explaining the 
cauſe of the light of the barometer, will be rather 
confirmed than deſtroyed. . 

Beſides, if my explanation was not the true 
done, and it was to the particular nature of the 

quickſilver, and not to the manner of my having 
filled the tube, that the production of the light 
ſhould be aſcribed, pray tell me, why my ordi- 
nary barometer filled in the common manner, al- 
tho? very much ſhaken, makes little or no light; 
whereas the other tubes, filled in my manner 
with the ſame quickſilver, make an excellent 
light with the leaſt balancing? I made again 
for the ſecond time, many experiments upon it, 
as ſoon as I received your letter. And to con- 
vince myſelf entirely, that this light was not the 
effect of a ſingular property of my quickſilver, 
which all other has not, I borrowed ſome other, 
with which I made the ſame experiments again, 
and with the ſame ſucceſs as with my own, Now -] ¾ 
it is morally impoſſible, that the ſecond quick- 
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filver ſhould be exactly of the ſame nature with 
my firſt; ſince, as they pretend, it muſt be of ſo 
extraordinary a quality, that among a 1 
ſorts of quickſilver, they ſhall not perhaps fine 
one which makes a like effet. 
To come now to the diſcovery of my new 
phoſphorus, I thought that one of the principal 
reaſons, by which the pellicle hindered the 1 i 
pearance of the light in the barometer, might b 
the two great uniformity of the motion of the 
quickfilver in ſo uniform a tube. For in riſin 
and falling thus the length of a cylindrical tube, 
its pellicle muſt never change its thickneſs, nor 
break, but on the contrary, remain always fixed 
to the upper ſurface, with which it riſes and falls 
without ever quitting it; in ſuch a manner, that 
it makes no opening, by which the matter of the 
firſt element, as I call it with M. Deſcartes, 
may get out of the pores of the quickſilver, after 
the manner mentioned in my laſt letter. But it 
being ſo difficult to avoid this pellicle in a full 
barometer, even according to my manner, I con- 
clude, that notwithſtanding this pellicle, provided 
it is not too thick, the Fike muſt always ap- 
pear, if by any means I could make it burſt, 
or diſperſe in pieces by the motion of the quick- 
filver, which makes me judge that nothing would 
be more proper for this purpoſe, thana very violent, 
irregular, and not uniform motion of the quick- 
ſilver, incloſed in a glaſs a little bigger, and of 
an unequal figure, from which the air has been 
emptied as well as poſſible, This reaſoning was 
confirmed by the following lucky experiment, 
which makes the ſubject of my diſcovery. 

T took a clean fair phial, which held about 
half a pint, and ſtrong enough to ſuſtain the agi- 
tation of the quickfilyer ; I put into it 5 or 6 
„ Yao = Ounces 
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outices of quickſilyer well purified ; after that, I 
cemented on the neck of the phial with great ex- 
actneſs, a cock, which I afterwards applied to the 
air-pump, to draw the air out of the phial ; hav- 
ing done this as carefully as I could poſſibly, I 
ſhut the cock to hinder the air from entering into 


the phial again, when it was ſeparated from the 


air- pump: this is all the artifice. 


- 
= 


To try then if I had reaſoned juſtly, I carried 
the phial the ſame night into the dark, and hold- 
ing it faſt by the neck, I began to ſhake it ſtrong- 

Iy, as they do in rinſing a bottle, to give a great 
agitation to the quickſilver. And preſently the 
phial appeared full of a fire, the light of which 
was not interrupted, nor intercepted, like that of 
the barometer ; but laſted as long as the quick- 
ſilver was in agitation, and with ſo much vivaci- 

ty, that I could eaſily ſee the faces of the ſpectators 
enough for to know them: I repeated this expe- 
riment many times, with more than one ſort o 

quickſilver, and always with the ſame ſucceſs ; 
except when I had not been exact enough in draw- 
ing the air out of the phial, or that I had let a 
little get in again; for then not only the light ap- 
peared much fainter, but it leſſened by degrees, 
notwithſtanding the continual ſhaking of the 
phial, till it diſappeared intirely. After that, 
there was no way to make it appear ggain, with- 


out drawing the new air out of the phial.. 
Having examined by day, what was the cauſe 
of the faintneſs of the light, I found all the ſur- 
face of the quickſilver covered with a pellicle, 
not only viſible, but ſo thick, that it was like a2 
paſte made of dirt: notwithſtanding before theagi- 
tation the phial was very clean within, and the 
ſurface of the quickſilver poliſhed like a looking- 
glaſs. From whence I judge, that the air being 
12 agitated, 
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agitated, altho in a ſmall quantity, might ex- 
tremely infect the quickſilver, and that for this 
reaſon, as faſt as this paſte formed itſelf, the 
light grew fainter, and intirely diſappeared, when 
this paſte acquired ſuch a conſiſtence, as not to 
be broken in pieces by any violent agitations that 
were given the quickſilver. It is alſo by this, that 
you may know whether the air is well taken out 
of the phial or not; for if it is well emptied, not 
only the light does not leſſen, and the quickſilver 
does not cover itſelf with dirt, but the light itſelf 
becomes more excellent in time; and the pellicle 
of the quickſilver, if it had any at the firſt, diſ- 
rſes intirely, in ſuch a manner, that the quick-' | 
filver poliſhes itſelf ſo well at laſt, by frequent 
uſe, that there does not remain any ſpot; and 
when this happens, then the light is in the higheſt 
degree of vivacity, and appears always with the 
fame force every time that you ſhake the phial 
in the dark. . 3 
Il do not believe, that they have found till now 
the perpetual pho/phorus, that is, which does not 
conſume by time, or at leaſt which does not in 
the end loſe its virtue; but here is one which 
muſt laſt as long as you will without loſing any 
of its own, provided the phial remains always 
well ſtopped, and that the air does not enter; for 
the quickſilver incloſed in the vacuum is not ſub- 
ject to any alteration, ſo that there is no reaſon 
why it ſhould not have its effect at all times. 
It is true, that the cock which I had cemented 
upon the phial, with which I made the firſt ex- 
periment, began to ſpoil by the quickſilver, be- 
cauſe it was of braſs; but I have ſince found the 
ſecret of ſtopping the phial after having drawn 
out the air, without having occaſion for the cock. 
Among many ways- which I thought on, the 
| 10 
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ma ſure, and, expeditious: is. firlt, to ſtop. the 
phial before you draw out the air, with a cork 
and a proper wax over it, and then to make a little 
hole with. a pin through the wax and cork, to 
give an opening to the air which you are going 
to draw out of the phial; this being done incloſe 
the phial in a receiver, out of which the air muſt 
afterwards be drawn, as exactly as poſſible, to get 
it at the ſame time out of a phial by the aper - 
ture of the little hole: the greateſt difficulty is 
how to cloſe this little hols, before you let any 
air get into the receiver, To perform this eaſily, 
you muſt expoſe the receiver thus empty to the 
ſun, and with a convex-glaſs melt. the, edges of 
the wax about the hole, in this manner the hole-is 
Filled with the melted, wax, and ſtops itſelf per- 
fectly well of its own accord. This being done, 
you may ex abundanti, apply the receiver again 
to the air-pump, to ſee, if during the operation, 
there has not a little air ſlipped into the receiver 
by ſome inviſible aperture: the ſureſt way is dur- 
ing the operation to hold all the parts of the re- 
ceiver, by which the air can ſlip i in, under water. 
Being thus aſſured, that all is done well, let the 
air enter again into the receiver to take out the 
Phial, which being thus prepared, ſerves then for 
a phoſphorus whenever you will take the pains to 
ſhake the phial in the dark. I kept 5 or- weeks 
two of theſe phials filled with two different ſorts of 
quickſilver, which had their effect admirably 
well, The curious, to whom I have ſhewn 
them, have declared, that they have ſeen vothing 
more wonderful. In ſhort, the whole phial is in 
a flame, and the quickſilyer, like a burning li- 

uor. 
; If you have a mind to make one of them, you 
muſt carefully obſerve theſe three things, l. K 
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. ery dean and dry within; aud if | 
you cube cr its being ſo, it would be better to 
take a quite new One, as it comes from the glaſs- 
houſe. 2. That you do not ſtir the quickEiver 
much before the air is drawn out of the phial. 
3. That you empty the air out of the phil as 
carefully is poſſible.” This third point muſt be 
obſerved with all the exaCtneſs imaginable, or 
elſe it will not make any phoſphorus,jor if it does, 
it will be faint, and hot laſt long. The air- 
pump muſt be very good; mine, which was 
made in Holland, is fo nice, that the piſton, be- 
ing drawn from the bottom of the cylinder to the 
mouth, and remaining ſo for 24 hours, does not 
let in the 10000th part of air into the cavity of 


the cylinder, as I have known by experience, a 


certain ſign of rd great exactneßs. 


u. Ober vati ons on the rain-water 4 fell 


at the royal obſervatory in 1700 ; with 
Some remarks on the thermometer and baro- 
meter, by M. de la Hire Won: 


During the whole year 1900, | there fell 20 
inches of water at the obſervatory, which is the 8 
mean quantity that falls every 16M VF 


bin here fell in | | 

BA. ! Lines. 
| (Fad „ 35 2 

; ED. . ET S ug. 9 
Mar. 132 3 
Ate. © 2 4  Oftob. 24 - 
my © 17 + "Nev. as 
June 44 3 16 + 
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We may obſerve, that in the two months of 
Fune and Zuly alone there fell 80 lines, which is 
3 of that Which fell in the whole year: but the 
month of August gave only 9 lines altho? there 
are generally the greateſt rains in it, as I have 
obſerved for many years ſince I have made 
theſe obſervations. What is alſo remarkable in 
the rains of this year is, that there fell but x 
line + in September, whence the drought was very 
great towards the end of ſummer, _ 


The thermometer ſhewed us, that the greateſt 
cold of the months of January and February, 
was on the gth of February, when my thermo- 
meter fell only to 28 -parts, the mean ſtate of 
heat or cold being at 48 parts, as I have proved 
for ſome time in the bottom of the .caves of the 
obſervatory, where my thermometer always re- 
mained at this height. This thermometer falls 
ſometimes in the winter below 15 parts. It is 
expoſed to the air, but ſhelter'd from great winds 
and the fun, All the reſt of theſe two months it 
was commonly at 40 parts; we mult take notice, 
that all the obſervations that I made every day, 
were about ſun riſing, when the air is commonly 
the coldeſt. But on the 19th of December the 
thermometer fell to 25 parts 2, a little lower 
than it did at the beginning of February, which 
is generally the coldeſt time. By theſe obſerva- 
tions it appears, that the cold has not been very 
conſiderable during all this year. 

As for the heat, it was the greateſt on the 2 iſt 
of July, the thermometer marking 61 parts 4. 

We ought not to judge of the coldneſs of the 
air, by the impreſſion which it makes on our 
bodies; for a great wind makes the air always 
appear colder to us, than it really is, becauſe it 
makes the air paſs through the cloaths, and drives 

away 
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away that which is about the ſkin, and which i is 
warmed by it. This experiment proves that the 
violence of the wind does not augment. the cold 


of the air. I blowed with a pair of bellows 
againſt the ball of a thermometer for ſome mi- 


nutes, and I did not obſerve any ſenſible altera- 


tion in the height of the ſpirit of wine. This 
experiment would have been more juſt, if. it had 


been made with one of Sanctorius's hermometers, 
where the impreſſion of heat and cold 18 made 


on the air it ſelf. 
For the barometer, that which I uſe is fied at 


the top at the great hall of the obſervatory. The 
| greateſt height was on the firſt day of Jan. at 28 in- 


ches 4 lines and more than 3, with a gentle wind at 
ENE, and it always kept very high during this 
month, altho* the wind was often toward the. 
W. but always inclining a little to the N. yet 


it was not then cold, for the air was commonly 


in a temperate ſtate, and fometimes hotter, the 


j A at the loweſt was at 26 inches 8 lines 


November 26 with a high S. wind and a 
Fe ſnow, which ſoon melted, the air not being 


cold. Thus the difference between the greateſt 
| heights, and the greateſt falling of the quick- 
ſilver during this year, was 1 inch and a little 


more than 8 lines. 

I found the declination of the needle 8 12/ to- 
ward the W. November 20, of the laſt year 
1700. This obſervation was made againſt the 
S. wall of the terraſs of the obſervatory, which 
I found was placed exactly according to the me- 
ridian line, and the needle which 1 uſed was 8 


inches long, and very well hung. 


III. 
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I read the pape er whit vo Neve me; but 1 0% 
not know whether I ought. to be ſorry for the 


bad ſucceſs, which it contains of the experiments 
upon the he of the « quickfilyer; I think 1 


body can yet effect ide which 10 o very ally, 


— 


either by my ail, if 1 have any, 'of by the 


The 


demy have never ſic 


5 ticular accid ent, 


ſilver, hich T have known were brought here 
from 1 different places and at different times, which 


theleſs have ſucceeded very well with me, ex. ” 


cepe one only which did not give light at the 
but which I rendered luminous by 9 

it, as 1 ſliall mention hereafter.. 

I do not find it neceſſary to anſwer i in order 

to the experiments in this paper, nor to the re. 


flections and conſequences which are drawn tom 
them. To end the diſpute, I defire the academy 


to ſend me ſome of the ſame quickſilyer, Which 
they have uſed without ſucceſs. I engage to make 
a phoſpborus with it as good as thoſe which ; 4 


have already made hitherto. And” that the aca- 


demy may be aſſur'd that it is the ſame , 
ſilver that they ſend me, with Which T make the 
Phoſpborus'; z F will do it in the preſence of au- 
thentick witneſſes, and e 4 it A to che aca- 
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goodneſs of my pneumatic machine. For is it 
not ſurpriſing, that the experiments of the aca. 
eeded, and that mine have. 5 
never failed? you fend word, that 7 75 fome par- 
nt, which happens 4% ſome. quichs. 3 
vbich may render it” capable of light in a 
old void of air; but pray y conſider that 1 have 
made my phoſphorus with 5 or 6 ſorts of quick, . 
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away that which is about the ſkin, and which is 
warmed by it. This experiment proves that the 
violence of the wind does not augment the cold 
of the air. I blowed with a pair of bellows 


againſt the ball of a thermometer for ſome mi- 
nutes, and I did not obſerve any ſenſible altera- 


tion in the height of the ſpirit of wine. This 
experiment would have been more juſt, if it had 


been made with one of Sanctorius's thermometers, 


where the impreſſion of heat and cold is made 
on the air it ſelf. . 

For the barometer, that which I uſe is fixed at 
the top at the great hall of the obſervatory. The 


| oreateſt height was on the firſt day of Fan. at 28 in- 


ches 4 lines and more than 3, with a gentle wind at 
ENE, and it always kept very high during this 
month, altho* the wind was often toward the. 
W. but always inclining a little to the N. yet 
it was not then cold, for the air was commonly 
in a temperate ſtate, and fometimes hotter, the 


' barometer at the loweſt was at 26 inches 8 lines 


2, November 26 with a high S. wind and a 
little ſnow, which ſoon melted, the air not being 
cold. Thus the difference between the greateſt 
heights, and the greateſt falling of the quick- 
filver during this year, was 1 inch and a little 
more than 8 lines. — | 

I found the declination of the needle 8 127 to- 
ward the W. November 20, of the laſt year 
1700. This obſervation was made againſt the 
S. wall of the terraſs of the obſervatory, which 
found was placed exactly according to the me- 
ridian line, and the needle which I uſed was 8 


inches long, and very well hung. 


III. 


—— 
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III. A letter from M. Bernoulli 7 at 
Groninguen, concerning his new phoſphorus.* 


I read the paper which you ſent me, but I do 
not know whether I ought to be ſorry for the 
bad ſucceſs, which it contains of the experiments 
upon the light of the quickſilver; 1 think I 
have rather reaſon to be glad myſelf, that no 
body can yet effect that which I do very eaſily, 
either by my ſkill, if I have any, or by the 
goodneſs of my pneumatic machine, For is it 
not ſurpriſing, that the experiments of the aca- 
demy have never ſucceeded, and that mine have 
never failed? you ſend word, that it is ſome par- 
ticular accident, which happens to ſome quick. 
ſilver, which may render it capable of light in a 
Place void of air; but pray conſider that I have 
made my phoſphorus with 5 or 6 ſorts of quick- 


| filver, which I have known were brought here 


from different places and at different times, which 
nevertheleſs have ſucceeded very well with me, ex- 
cept one only which did not give light at the 

_ firſt, but which I rendered luminous by waſhing 
it, as I ſhall mention hereafter. 

I do not find it neceſſary to anſwer in order 
to the experiments in this paper, nor to the re- 
flections and conſequences which are drawn from 
them. To end the diſpute, I deſire the academy 
to ſend me ſome of the ſame quickſilver, which 
they have uſed without ſucceſs. I engage to make 
a phoſpborus with it as good as thoſe which I 
have already made hitherto. And that the aca- 
demy may be aſſur'd that it is the ſame quick- 
ſilver that they ſend me, with which I make the 
phoſphorus; I will do it in the preſence of au- 
thentick witneſſes, and ſend it again to the aca- 

* July 3. 1902. 
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away that which is about the ſkin, and which is 
warmed by it. This experiment proves that the 
violence of the wind does not augment the cold 


of the air. I blowed with a pair of bellows 
againſt the ball of a thermometer for ſome mi- 


nutes, and I did not obſerve any ſenſible altera- 


tion in the height of the ſpirit of wine. This 
experiment would have been more juſt, if it had 
been made with one of Sanctorius's thermometers, 
where the impreſſion of heat and cold is made 
on the air it ſelf. 

For the barometer, that which I uſe i IS fixed: at 
the top at the great hall of the obſervatory, The 
greateſt height was on the firſt day of Jan. at 28 in- 
ches 4 lines and more than 3, with a gentle wind at 
ENE, and it always kept very high during this 
month, altho* the wind was often toward the. 
W. but always inclining a little to the N, yet 
it was not then cold, for the air was commonly 
in a temperate ſtate, and fometimes hotter, the 


| barometer at the loweſt was at 26 inches 8 lines 


, November 26 with a high S. wind and a 


2 5 


little ſnow, which ſoon melted, the air not being 


cold. Thus the difference between the greateſt 


heights, and the greateſt falling of the quick- 
filver during this year, was 1 inch and a little 
more than 8 lines. 

J found Ag declination of the needle 8 12“ to- 
ward the W. November 20, of the laſt year 
1700. This obſervation was made againſt the 
S. wall of the terraſs of the obſervatory, which 
I found was placed exactly according to the me- 
ridian line, and the needle which I uſed was 8 
inches long, and very well hung. 
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III. A letter from NM. Bernoulli profeſſor at 
Groninguen, concerning his new phoſphorus.* 


I read the paper which you ſent me, but I do 
not know whether I ought to be ſorry for the 
bad ſucceſs, which it contains of the experiments 
upon the light of the quickſilver; 1 think I 
have rather reaſon to be glad myſelf, that no 
body can yet effect that which I do very eaſily, 
either by my ſkill, if I have any, or by the 
goodneſs of my pneumatic machine. For is it 
not ſurpriſing, that the experiments of the aca- 
demy have never ſucceeded, and that mine have 
never failed? you ſend word, that it is ſome par- 
ticular accident, which happens to ſome quick. 

 filver, which may render it capable of light in a 
place void of air; but pray conſider that I have 
made my phoſphorus with 5 or 6 ſorts of quick- 
ſilver, which I have known were brought here 
from different places and at different times, which 
nevertheleſs have ſucceeded very well with me, ex- 
cept one only which did not give light at the 
firſt, but which I rendered luminous by waſhing 
it, as I ſhall mention hereafter. 

I do not find it neceſſary to anſwer in order 
to the experiments in this paper, nor to the re- 
flections and conſequences which are drawn from 
them. To end the diſpute, I deſire the academy 
to ſend me ſome of the ſame quickſilver, which 
they have uſed without ſucceſs. I engage to make 
a phoſpborus with it as good as thoſe which I 
have already made hitherto. And that the aca- 
demy may be aſſur'd that it is the ſame quick- 
ſilver that they ſend me, with which I make the 
phoſphorus ;, I will do it in the preſence of au- 
thentick witneſſes, and ſend it again to the aca- 

* July 5. 1701. | 
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demy. What makes me thus bold is, that I fee 
ſome circumſtances that the paper mentions, 
which makes me believe, that theſe experimeuts 
have not been made exact enough, and that con- 
ſequently the ill ſucceſs of it muſt be imputed en- 
tirely, either to the machine of the academy, 
which perhaps may not be the moſt juſt, or to 
ſome miſtake. One of theſe circumſtances IS, 
that the quickſilver in a phial emptied of air 
being very much ſhaken, really gives a little 
light very faint, that it was ſtrong at the begin- 
ning, that it diminiſhed by little and little, but 
without any air entering again into the veſſel, 
and that aſter having let the air in again, and 
then emptying the machine immediately a ſecond 
time, this quickſilver had not given any more 
light, altho' very much ſhaken. I ſee by this, 
that the quickſilver had not been purified as it 
cught from the heterogeneous matter, of which 
had been formed that pellicle which I ſpoke of 
in my preceding, by the gathering of the air 
which was left in the phial, which was thought 
to have been emptied enough; it was by this 
that the light was ſo weak and vaniſhed by de- 
grees, Whereas it would have been very lively 
and laſting, if the phial had been well emptied, 
and the quickſilver well purified; for I have 
tried more than once, that the quickſilver in- 
cloſed in a veſſel] void of air, where it ſhone very 
much for a long time with an equal force, has 
ceaſed to ſnine by loſing its light by degrees, as 
ſoon as J have let a little air into it. However, 
we may conclude from the experiments which 
they object to me, that the quickſilver, which 
Was not ſhining in the barometers, for as the pa- 
per does not mention that they had different 
quickſilver, I belicve that they uſed only the 

3 fame 


{ 
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ſame, was at leaſt ſo in a phial emptied of the 
air: if they had then made this experiment with 
the barometer alone, and had declared that the 
quickſilver was not luminous, would they not 
have been miſtak en, ſince it really was ſo? It is 
the ſame with the ſecond experiment, by which 
they did not ſee any more light in the ſame phial, 
after having emptied the air a ſecond time, becauſe 
that, according to the paper, perhaps in letting 
the air again into the veſſel, a little of the moiſ- 
ture of the air had faſtened itſelf to the ſides of 
this veſſel, which they know, as well as I, to be 
prejudicial to the light of quickſilver. Let us 
ſee then what would have happened, if from the 
firſt time there ſlipped ſome moiſture inſenſibly 
into the phial; there is no doubt, that the light 
not appearing at all from this firſt time, it would 
have been ſaid, that this quickſilver was not at all 
luminous, altho' it had been the fault of him 
who had made the experiment, and not that of 
the quickſilver. I ſay this, that you may obſerve 
that the experiments which did not ſucceed, prove 
nothing to ſuſtain a negative propoſition; becauſe 
it may always be doubted in making of theſe 
experiments, that ſome miſtake has been com- 
mitted. TT” 

I ſhall ſay nothing concerning the experiments 
upon the barometer, both becauſe I have already 
_ anſwered to theſe objections in my ſecond letter, 
and becauſe 1 entirely negle& making of other 
| obſervations upon the light of the barometer, ſince 
I have found the way to render the quickſilver 
luminous in a phial ; which, in my opinion, is 
far more curious, as it furniſhes a fort of perpe- 
tual phoſphorus, and convenient to carry about, 
beſides that the light of it is much more lively 

than that of the barometer : I ſhall only ſay ſome- 
M m 2 | thing 
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thing upon the ſecond barometer, made in the 
pneumatic machine of the academy. They 
may reaſonably ſay, that the quickfilver was not 
riſen to the ſame height in this laſt barometer, as 
it is commonly in a barometer well made, it not 
being poſſible to empty in this manner all the air 
out of the tube; becauſe the weight of the quick- 
filver, prefling upon the open end of the tube, 
hinders the going out of the air. I ſee by this, 
that they have let the open end of the tube dip 
too deep into the quickſilver; whereas when I 
made this experiment, I placed the tube in ſuch 
a manner, that its end was near the ſurface of the 

quickſilver, and very little dipped. For this pur- 

poſe I took a veſſel, broad and a little flat, to 
the end that in letting in the air again, which by 
its preſſure had made the quickſilver riſe in the 
tube, this quickſilver might not fail; by this 
means, I raiſed the quickſilver to the height of 
26 inches, ſo that it wanted but little of the com- 
mon height. Altho? it be true, that it is not ab- 
ſolutely neceſſary that the quickſilver be in a place 
perfectly void of air to become luminous, as they 
have very well obſerved in the paper in queſtion; 
however, it muſt be known that there did notremain 
ſo much air in the tube, as they perhaps thought: 
and beſides that the light, altho' very briſk the 
firſt night, was very much weakened the nights 
following, without doubt becauſe of this little air 
which remained 1n the tube, which 1 had not ob- 
ſerved till after my laſt letter. From whence it 
follows, that tne more perfect the vacuum is, the 
more excellent and durable the light will be; fo 
that the quickſilver in a phial perfectly emptied 
of air (or at leaſt if it be ſo to the tenth thou- 
ſandth part or more, for it 1s impoſſible to draw 
the air intirely out of any veſſel) ſhines as lively 
| as 
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as poſſible; and very far from the lights growing 
fainter, it increaſes to certain degrees, and then 
it continues and ſhews itſelf with equal force every 
time that you ſhake the phial, provided alſo that 
the quickfilver be well purified from its dirt ; I 
own that it is a conjecture which appears true to 
me, when they ſuſpected that my firſt quickſilver, 
which the moment it was expoſed to the air, co- 
vered itſelf with a pellicle, which became like 


duſt if it was ſhaken, was not ſo clean as it might 


be: I will agree, that this pellicle formed itſelf of 
a foreign matter, either metallick or other, which 
came from the quickſilver rather than from the 


air, nevertheleſs that does not at all invalidate 


the general explication, which I give of the pro- 
duction of the light of the quickfilver, nor even 
deſtroy my idea of the generation of the ſaid pel- 
licle; for it is always conſtant, as I have obſer- 
ved in my preceding, that the air, if it is not al- 
ways the material cauſe, is at leaſt the efficient 
cauſe, ſeeing that the fame quickſilver, when it 
is incloſed in the vacuum, remains always bright 
and poliſhed, altho* very much ſhaken ; and as 
ſoon as you have admitted the air, it grows thick 
as uſual. But I have found the ſecret of purifying 
it ſo well from all its dirt, that it does not thicken 
any more, even when it is expoſed to the air, and 
ſhaken very ſtrongly. I put 4 or 6 ounces of 
quickſilver into a phial, and pour common wa- 
ter upon it, till it covers the quickſilver to the 
thickneſs of two fingers or thereabouts ; then I 
ſhake the phial ſtrongly for a great while, as in 
rinſing it, I empty the water out, which is quite 
black and dirty, at the top of the quickſilver, 
and put freſh upon it, and begin again to ſhake 
the phial, till the water becomes dirty again; I 
then change the water a ſecond time, and do the 


ſame 
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ſame thing; which being repeated till the water 

is no longer black, or very little, I dry the quick- 

filver by paſling it ſeveral times through a clean 

cloth: if you uſe ſpirit of wine inſtead of water, 

you will ſooner have cleaned the quickſilyer, By 

this means I took all the dirt out of it, ſo that be- 

ing ſhaken in the open air, as much as you would, 

it does not leave any traces of pellicle or of duſt, 

only it tarniſhes a little in ſome days, as if it was 

by the ſteam that apparently comes from the 

touching of the air, which 1s always a little in- 

fected with humidity. The phoſphorus made with 

| the quickſilver thus cleanſed, was much finer 

* than thoſe made before; which confirms my 

explication of the production of this light, 

which 1 have ſaid was hindered by the hetero- 

geneous matter, poſſeſſing the top of the quick- 

ſilver. 5 N 

I have ſaid above, that I have tried 3 or 6 

forts of quickſilver, which all ſucceeded with me, 
of which ſome were alſo infected with duſt by 
the motion, like my firſt, and the others remained 
clear and poliſhed, like thoſe of the academy. 

Among theſe there was one, which, at firſt, gave 

no light: but I ſuſpected that, even before I 

made the trial ; for it ſeemed to be more thick, 
or leſs fluid than the others, ſince, when it was agi- 
rated, it made no bubbles upon the ſurface, as I 
obſerved in the others, which I attributed to its 
viſcidity, which hindered the ſeparation of its 
parts. This made me ſuſpect, that there was 
perhaps in that quickfilver ſome oily or ſulphu- 
rous matter, which becauſe of its viſcoſity, did 

not ſhew itſelf upon the ſurface, as the other im- 

purities did, which more eaſily ſeparated them- 
ſelves from the little parts of the quickſilver to be 


thrown out: thus this oily matter remaining al- 
ways 


* 
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ways mixed within the quickſilver, is taken to be 


very. pure, tho it is by no means ſo; and much 


leſs ſo, than that which covers itſelf at firſt with a 
viſible pellicle. Then having well waſhed it in 
the above manner with ſpirit of wine, rather than 
with water, becauſe I thought it better than wa- 
ter to take out the viſcocity, the quickſilver, 
which was not at all luminous, became as ſhining 
as any other: but what is ſtill more wonderful, 
the firſt quickſilver, which grew thick with the 
leaſt motion, became ſo pure with waſhing, al- 
tho? with water alone, that I have ſeen it make 


light even in a phial full of natural air, without 


its having any drawn away. Tt 1s true, that the 
light: was not ſo lively as that which was made in 
the vacuum, and it appeared only like ſeparate 


ſparks, which aroſe ſucceſsfully, and periſhed 


almoſt at the ſame time; whereas the light in 
the vacuum is like a continual flame which laſts 
_ inceſſantly while the quickſilver is in agitation, I 
conclude from theſe experiments, that the quick- 
ſilver, if it is perfectly purified, may let the ſub- 


tile matter (which I call with M. Deſcartes, by 


the name of the firſt element) go out of its pores 
in ſuch a quantity at once, that for all the re- 
ſiſtance of the air, it has ſtill motion enough to 
produce ſome light. If they then take the pains 
to waſh the quickſilver well, which they ſay is 
not luminous, and after. having well dried it (for 
the leaſt moiſture will occaſion bad ſucceſs) pour 
it into a clean and dry phial; if they then draw 
out the air carefully, I am ſure they will ſucceed. 


Tho? this quickſilver is thought to be perfectly 


pure, becauſe it remains clear after the agitation: 


J have nevertheleſs obſerved, that it may be in- 


fected with a concealed glutinous matter, which 
ſhutting up intirely the pores of it, or at leaſt 
making 


* 
e 


LE AT | 


I AFG 
— 


” 
= - * 5 


P 


. 
$ 
— — — 


: . — 2 2 NO > ky, nt » Po? ee JT... WP” 5 EIT 
n . . 5 + N — -; * * * —_ — * 
* 3 929 2 1 r iner . . 1 > 
n 


— 


r 


CER 


— — 9s 7 


= Net > oa . 
F A 11 ˙w— I 


— 2 


r 


— —ä— 4 


Are 


1 
—— — 


* 
33 


— — — 


—— 


—— — — 
2 


FI 8 1 1 4 

CeO — . ͤ ͤ w.... ˙ LEE CY 2 5 — e 

> 50 A dt DO ORE SEG Ho e 4 rt nt on rr TT 
— , 1 * : 


— 


280 The HrsToRY and MEMO1Rs of the 
making them ſtiff, hinders or keeps back the 
particles, which ought to cauſe the light, from 
going out. I ſay, that the ſtiffneſs of the pores 
may hinder or keep back theſe particles from go- 

ing out; for it is very viſible, that altho* the 
quickſilver be in very great agitation, if never⸗ 
theleſs the pores of its particles are not flexible 
enough to change their ſhape,” the matter of the 
firſt element cannot be driven away from it, for 
the pores muſt often ſhrink that this matter may 
go out. Ir is therefore very likely, that the 
quickſilver, which is ſaid to become luminous by 
the diſtillation through quicklime, is one of thoſe 
whoſe pores are thus ſtiff, becauſe of ſome ſul- 
phurous or glutinous matter. And therefore 
very far from being of the opinion with thoſe who 
believe they are igneous particles, that the quick- 
lime has given to the quickſilver in paſſing'thro? 
it, which produce the Jight ; I am ſtrongly per- 
ſuaded on the contrary, that the true reaſon of it 
is the purification alone, ſo that the lime has con- 
tributed nothing to it but its pores, thro* which 
the quickfilver paſſing has left behind all the fo- 
reign and glutinous matter, and is thus delivered 
from it: there is then nothing done by the diſtil- 
lation than what I have done by waſhing alone. 
In ſhort, theſe igneous particles appear to me 
great paradoxes for many reaſons, of which I ſhall 
only mention ſome. 

1. This new phoſphorus muſt at laſt loſe its 
virtue, becauſe theſe igneous particles become at 
laſt of no ſervice by frequent uſe, as you ſee by 
other phoſphori which are luminous, by the means 
of ſuch igneous particles. 

2. It theſe igneous particles are ſo fine, that 
they can lodge in the little ſpaces of the quick- 


filver, and paſs through them, as ts pretended, 
Wihout 
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without doubt they could paſs much more eaſily 

through the pores of the glaſs, which are much 
larger then thoſe of quickſilver, how comes it 
then that in ſhaking the phial, they do not diſ- 
perſe themſelves immediately by flying off thro? 
the pores of the glaſs, let them be in ever i 
great quantity in the quickſilver? 

3. We can no more explain why the light in 
the barometer appears only in the deſcent of the 


uickfilver: for if it is cauſed by theſe igneous 


particles, which ſwim upon the ſurface, why have 
they not their effect when the quickſilver riſes, 
as well as when it falls, if there wanted nothing 
but motion to make them fucceſſively upon the 
ſurface of the quickſilver. 

Now all theſe difficulties are avoided by my 
way of explaining this light; for in ſay ing that 
it is produced by a very fine matter, which being 
_ univerſal and found every where, never fails, we 
ſhall ſhew that this phoſphorus mult laſt perpetu- 

ally, the quickfilver only lending its pores, which 
are very narrow, aud ſerve as a ſieve to the 
matter of the firſt element, to ſeparate it from the 
ſecond and third, (I make uſe of theſe terms be- 
cauſe they are convenient to explain myſelf) from 
which being delivered, and afrerward driven out 
of the quickſilver by the agitation which is given 
it, it takes at firſt its rapid motion, which is uſual 
with it, when it is alone and diſengaged from all 
other matter, and ſo produces in our eyes the ef- 
fect which cauſes in us the ſenſation of light. 
Therefore this /uminific matter, altho' it is diſ- 


perſed in a moment, yet is immediately followed 


by another which has the ſame effect, and ſo on, 
which will always continue. This explication 
proved itſelf alſo by one of theſe pho/phori, with 
which I have made the experiment almoſt every 
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night for about a year, and I can truly ſay, that 
J have never obſerved any ſenſible change in 
it, but quite on the contrary, that the light 
was always equally bright, as it ſtill is; and 
very far from its having ſuffered any diminu- 
tion, it ſeems at preſent to be a little more 
lively than it was at the beginning, perhaps be- 
cauſe the quickſilver is become more fluid by 
the frequent agitations, and the reſt of its dirt 1s 
ſeparated from it by degrees, and 1s fixed to the 
ſides of the glaſs, as the glaſs being a little thick 
within, plainly ſhows ; ſo that the quickſilver 
being entirely purified, gives light for the future 
to the higheſt degree of vivacity, My explica- 
tion appears to me in other reſpects ſo plauſible, 
that I am fully perſuaded, that another pureliquor 
as heavy as the quickſilver, if there was one, would 
make without doubt the ſame effect; ſo that I 
believe gold would be the fitteſt to make the like 
phoſphori, if we knew the way of rendering it 
fluid, without loſing any of its ſpecifick gravity : 
for as I make this effect depend on the ſmallneſs 
and flexibility of the pores, it is certain, that 
gold having the ſmalleſt of any body, it wants 
only the flexibility of its pores, which we cannot 
procure it but by a perfect fluidity of its mals. 
Perhaps melted Jead put into a vacuum, would 
give allo alight, at leaſt if the dirt, with which it 
is always infected, does not hinder it. 


As for the quickſilver, which is ſaid to be 


made luminous by the artificial liquid phoſphorus, 
believe that it was not the quickſilver which was 
luminous, but the particles themſelves of the ar- 
tificial phoſphorus. Now that would have hap- 
pened to many other bodies, which we ſee ſhine 
by the friction alone of folid phoſphorus; and 
as the light of it does not Jaft long, I imagine 
allo that the quickſilver here mentioned, has not 

always 
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always kept this light borrowed from the artifi- 
cial liquid phoſphorus; ſo neither does that light 
belong to our ſubjet, | 

By all theſe reaſonings, joined to the obſerva- 
tions which I have alledged, it appears that the 
three conſequences which they have drawn from 
it cannot ſubſiſt. For, 1, we ſee that the quick- 
filver 1s not only capable of becoming luminous 
in a place emptied of air; but that it is in effect 
already luminous, provided its light be not hin- 
dered by ſome foreign cauſe either internal or 

external. | 
2. Allo all quickſilvers are equally luminous, 
provided again their lights are not hindered in 
ſome more than in others, by any cauſe whatſo- 
ever, I made a remarkable obſervation upon 
this ſubject: I took two phials both alike, and 
equal, into which I put an equal quantity of 
quickſilver taken from the ſame mals; I drew 
the air equally and in the ſame hour from each 
phial. Would one not ſay, that the light ought 
to appear equally ſtrong in both phials, ſince in 
all appearance every thing was perfectly equal 
and alike ? but the effect ſhewed quite the con- 
trary, for one of theſe phials made the light very 
lively with the leaſt motion, but the other did 
not till after much ſhaking, and then having once 
began to ſhine, it wanted only the leaſt motion 
to make the light appear again, and after ha- 
ving let this phial reſt for two or three hours, it 
wanted to be ſtrongly ſhaken before the light 
began to appear again; whereas the firſt phial al- 
ways gave light without any trouble. What can 
we ſay to this? unleſs that perhaps there entered 
a little moiſture into one of the phials, altho? 
imperceptible to my eyes, either from the breath, 
or from the ſweat of the hands in touching it; 
Nnz2 | which 


ä 
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which was ſufficient to cauſe ſo great a difference 
in the light. It does not then follow from hence, 
if one quickſilver gives more light than another, 
that it is more capable of giving it than the other; 
for here where the quickſilvers were taken from 
the ſame maſs, and conſequently equally capable 
of ſhining, yet they ſhined differently. 
3. Laſtly, we ſee that the ſame quickſilver, if 
it be well prepared, muſt always be'equally lumi- 
nous, and that if it is ſometimes much, ſometimes 
little, ſometimes not at all, it is a ſign that there 
is an alteration happened to it, which augments, 
diminiſhes, or hinders the appearance of the light, 
which without that, would be always the ſame: 
witneſs the phoſphorus which I have mentioned 
above, that gave light a year without any ſen- 
ſible alteration, I can confirm what I have ſaid 
by another obſervation, which I made not long 


ago: I had a phial prepared with phoſphorus, = 


which ſhone equally for about 6 weeks; without 
opening or letting the air into the phial, I burned 
with the ſun by a convex glaſs, a little bit of 
cork that had been ſeparated from the reft, and 
ſwam upon the quickſilver. It made a little 
ſmoak in the phial, which otherwiſe remained in 
Its firſt ſtate, without being at all changed. One 
would not believe how much this little ſmoak 
diminiſhed the vivacity of the light, befides that 
it wanted to be ſhaken much more ſtrongly 
than before to make it appear; which ſhews the 
alteration of the light obſerved at the academy, 
muſt not be taken for an eſſential quality, but 
for the effect of an accidental cauſe. 

I agree hat all common quick/ilver is perfetily 
alike, as all gold and all filver is alike, from 
whatſoever part of the world it comes, provided 
that it be pure: tor this is the foundation of 

. 
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my explication of this light, to maintain that 
it is general, and that it comes only from 
the quickſilver which gives way to the matter 
of the firſt element, to the excluſion of another 
more groſs matter. I agree alſo, that it fol- 
lows from my explication, that all quickſilver 
muſt be luminous, and at all times; it 1s alſo 
both, as 1 have now proved, provided the light 
be not hindered by ſome foreign cauſe, as the ſun is 
always luminous, although its light may be taken 
from us by an eclipſe or other cauſe. I conclude 
then, that it is not, as is believed, a particular acci- 
dent happened to ſome quickſilver, which can 
render it capable of ſhining in a place emptied 
of air; but on the contrary, that it is natural 
and eſſential to all quickſilver, as to all other li- 
quids equally heavy, if we had any ſuch, to be 
luminous and it would be rather a particular acci- 
dent happened to the quickſilver, which hindered 
the appearance of its light. That if after all this 
they ſtill find difficulties, without being able to 
ſucceed in making my new phoſphorus as perfectly 
as I have done it; I only wiſh to have the ſame 
quickſilver, which ſo obſtinately darkens itſelf ; I 
hope to diſperſe the darkneſs, and that I ſhall 
have the good luck to ſupport this quickſilver 
in the greek title of phoſphorus, with as much 
Juſtice as the planet Venus bears the Latin title 
of Lucifer, | 


IV. Remarks on the meaſure and weight of 
water, by M. de la Hire.“ 


Extract of the memoirs of M. Picard. 
171 inches & of water of Arcueil weigh 6 {b. 
14 on. 4 dr. 2 gr. LE 


September 2. 1701. 
| Hence 
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Hence I find that the cubical foot of water of 
Arcueil weighs 1113 oun. 3 dr. 20 gr. or 69 lib. 
9 oun. 3 dr. 20 gr. 

M. Picard adds that the Paris pinte of the 
meaſure of the Hotel de ville contains. 47 inches #. 
But that the Chopine of the Hotel de ville con- 
tains almoſt 24 inches. 
And if we ſuppoſe that the pinte contains 47 
inches 45 it will weigh of the ſame water 30 un. 
3 dr. 4, or 1 lib. 14 oun. 3 dr. +. 

But if we ſuppoſe it to contain 48 inches, in 
proportion to the cbopine, then we ſhall find it to 
weigh 3o oun. 7 dr. 1, or 1 1b. 14 0un. 7 dr. +. 

Aug. 5, I7OL, at M. Boulduc's, we weighed a a 
pinte of river water in a quite new pewter pinte 

ot. 

The water being warm weighed 31 oun. 4 dr. 

Being cold it weighed 31 

Aug. 20, 1701, at the Hotel de Ville, with 
M. Boulduc, we meaſured in the braſs ſtandard a 
pinte of river water; and having weighed it ex- 
actly with a good balance, after different man- 
ners, it weighed 1 1. 14 oun. 3 dr. 2 gr. The 
water was neither cold nor hot. 

This meaſure agrees exactly with that which I 
had concluded from M. Picard's obſervations ; 
for the difference of a few grains may come from 
the water of Arcueil, which M. Picard uſed, 
weighing a little more than the river water, and 
perhaps it might be a little colder than the river 
water, which we made uſe of the laſt time. 


V. 
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V. Anatomical obſervations made on the o,. 
ries of cows and ſheep, by M. du Verney 


Junior *. 


Having met with the 4terus of a cow, which 
incloſed a fetus of about a fortnight or three 
weeks, which however had all the parts very di- 
ſtint, I applied myſelf with care to diſcover 
where this Fetus had got out of. the ovary. The 
tubes and their expanſions appeared a little more 
ſwoln and ſpongy than uſual, one of the ovaries 
was about the bigneſs of a wallnut, a little pointed 
at the end, and the ſides were of a hard ſubſtance, 
ſet with veſicles and ſome whitiſh points. All the 
reſt of the ovary was of a ſpongy nature, covered 
with a ſmooth and very thin membrane, inter- 
mixed with ſeveral blood-veſſels. On one of the 
ſides of the veſicular ſubſtance, there appeared a 
dark yellow fpot, of the ſize of a lentil, and I 
thought it might be the place where the /#/us got 
out. I blowed into it with a pipe, the air got in, 
and ſwelled the whole ovary, I preſſed it to make 
the air go out, and drove in freſh. Not only the 
ovary ſwelled up like a veſicular texture, but alſo 
a number of veſſels, which ſeemed to come out 
of it. I found them to be blood-veſſels. I made 
uſe of this aperture to enter into the ovary, I 
there found ſeveral cavities, very ſmooth, which 
appeared like little baſons. I blowed into them 
as faſt as they preſented themſelves, and all the 
veſſels, which I had ſeen before, ſwelled in like 
manner. The whole middle of this ovary was a 
ſpongy body, which was very eaſily detached ; it 
received veſſels at its baſe, and ſome at its point. 


Sept. 7, 


There 
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There uſually appears at this place a little dent, | 
ſo diſpoſed, that one would always expect to find 
an aperture. At laſt, being willing to be ſure 
that I was not deceived, and thinking of a good 
way to diſcover the ova without breaking their 
outer covering, and how this membrane grows thin, 
and opens where the point of the egg is, I faw 
two flits at ſome diſtance from each other, very 
exactly cloſed by the membrane itſelf, one edge 
of which paſſed under the other i in form of the 
fcale of a fiſh. 

To know whether theſe apertures : are always 
found, I took another ovary, which feemed to 
me to be much of the ſame nature, and not being 
able to find them either with the pipe or probe, I 
made one myſelf with the lancet. But it was in 
vain to blow into it, for the air did not paſs either 
in the ovary or its veſſels. I pierced other ovaries 

in ſeveral places, and always in vain, which made 

me judge that theſe apertures are not always found 
and atall times. However, I have found,them 
fince in ſeveral ſubjects, as I ſhall mention after- 
wards. 

To demonſtrate the ova without breaking their 
outer covenng, the ovary mult be parted into two 
by degrees, at the place where the veſſels enter 
it. Then moſt of the ova preſent themſelves, and 
we have the pleaſure of ſeeing and obſerving in 
what manner the membrane 1s thinned, the places 
where it is opened; and to conceive eaſily how it 
may be opened at the time of maturity. This did 
not ſeem to me more difficult to comprehend, 
than the manner in which moſt pods open, to 
let out their feeds. 

Having opened an ovary, the bigneſs of which 
depending on that of the ſpongy body, I found 


in the inner membrane a fur covered by a turn 


3 3 


rits, at certain times, to give more play to theſs 


withſtanding their being fo manifeſt, were con- 
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ok the ſame coat in form of a ſcale, and on blow 
ing into it, I obſerved that the air raiſed the” 
outer membrane, and made it pla. 5 

Continuing to labour on the ſame ſubject, 2 

found an ovary,. in which the membrane. of the 5 

point of the ſpongy body was open again. 1 

was willing to be ſure whether this aperture com 

municated with the blood veſſels, as in the pre- 

ceding obſervation. I blowed in at the ſpermat isi 

vein, the whole ovary ſwelled, and I ſaw the _ a4 

wind get out at this aperture. The ſpongy body - | 

juſt mentioned ſeems. to riſe from the extremity 

of the veſſels, juſt as ſome muſhrooms grow upon 

trees, the ſponges upon briars, and the galls upon - 

oaks, by the aperture. made by the puncture of 

ſome inſect in ſome veſſel of theſe: trees: we 

may fay alſo, that the little baſor-like cavities - 

were like cups, or the lodges of ſome ova, which 

had gotten out, with the mouths of their veſſels 

remaining open; perhaps at laſt they were recep: 

tacles, which were to be filled with air and ſpi- 8 


parts in the time of enjoy ment, and to facilitate 
in others the exit of the ova. - Theſe facts, not- 


teſted at the, academy by part of the anatomiſts, 7 5 
and they were deſirous to ſee them upon ne f 
ſubjects. Happily I met with three uteri of cows, 
one of which incloſed a ; fetus of about 3 weeks 
or a month. In another, I found each ovary. co- 
vered with the hood, and embraced by the ex - 
panſions of the tube; but there did not 1 
any thing particular in the third. _ | 

The ovaries of the portion, which incloſed a 
Fetus, were i different from each abe | 
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That on the ſide where the f#!/us was, ſeemed 
withered, and not very veſicular, and the upper 
part was even, ſmooth, and of a dark yellow. 

The other ovary was ſtretched, entirely veſi- 
cular, and in a manner tranſparent. 

There was obſerved at the point of the firſt o- 
vary a little aperture, ſhaped like a half creſcent, 
of which one return fell upon the other; I drove 
fome air into it, but it did not ſwell the ovary. _ 

Art the lower part of this ovary, we perceived 
near an o9vum, a little red cicatrix, the ſkin ap- 
peared thinned, and we diſcovered a little aper- 
ture in it, which was alſo ſhaped like a half cre- 
ſcent. The wind, which was driven into it, 
made one of the edges riſe, but it did not pene- 
trate quite into the ovary. 

As this little aperture was at the place of the 
egg, where the skin is uſually found thinned, and 
as the air did not penetrate, I opened the ovary 
into two parts, at the place where the veſſels en- 
tered, and the ovum ſtill half covered with its 


cup, remained faſtened only to the place where 


it appeared externally tranſparent. 

After having emptied the liquor, Tore: in 
ſome air, the membrane roſe, and the air got 
out from between the cup and the ovum, by the 
exterior aperture, which I have deſcribed, and 


the wind filled the membrane of the ovum. 


To confirm myſelf in this experiment, I re- 


peated it ſeveral times, and it always ſucceeded. 


I afterwards examined the ovaries wrapped up 
in the expanſions of the tube, I blowed into it, and 
the hood roſe. Having opened one of theſe o- 
varies, I found a great many fibres in it, ſo cloſe- 
ly faſtened to its membrane, that, when we would 


have ſeparated them, they tore in ſeveral places, 


which made me tulpect this diſpoſition not to be 
* | natural. 
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natural. This ovary incloſed a ſpongious body, 
and a great number of veſicles, the greateſt part 
of which ſeemed half come out of their cups; and 
when I blowed, the air paſſed between the mem- 
brane of the ovaum and the cup. I afterwards 
opened the covering of the other ovary 3 on 
one of its ſides, the point appeared red, like a 
fruit of the winter cherry in its bladder ; it was 
the ſpongy body, the point of which was ex-. 
tremely ſoft, and open'on one of its ſides, Very 
near to a ſmall red cicatrix there was an ovum 
raiſed, which preſented itſelf like the point of an 
acorn, when it begins to come out of its cup. 

When we blowed againſt the little cicatrix, 
we ſaw a ſmall membrane, ſhaped like a half 
creſcent, which paſſed over the place of the 
ovum, that was ſtill in the ovary. This ovary | 
being kept for ſome days, the eggs grew wither- 
ed, and when we went to preſs them, they roſe 
again, and partly came out of the membrane. 
On the other edge of the ovary there appeared 
alſo two other eggs raiſed. 

There were feveral fibres of the expanſion of 
the tube about the baſe of the ſpongy body; ſo 
that we could ſee but one half of them. 

After having found ſeveral other ovaries, 
opened at the point of the ſpongy body, I drove 
ſome air into them, which made them {well, and 
came out either 25 the blood- veſſels or * 


veſſels. 


There was in one of the biggeſt ovaries that 
could be found, a red proceſs, the point of which 
roſe out of the ſurface, when it was preſſed on 
the ſides; it was the membrane that covers the 
ovum before its getting out. It was allo ſo 
empty, that, when we blowed againſt it, itwas 
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up by the air driven in by the natural aperture 
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immerged 1 in the ovary, and eaſily ſhewed the | 


whole cavity of the ovam which had got out. 
In another large ovary, which I had preſerved 


in brandy, I obſerved that the ova were all wi- 


thered, and that the exterior membrane ſunk in- 
wards, in ſuch a manner that we could eaſily 
count them. Having dipped this ovary in wa- 
ter, I blowed by the ſpermatic vein, and ſaw. 
that not only the ovary ſwelled, but that there 
was alſo two large ove among others, which 
ſwelled as far as their coverings could extend, 


theſe eggs ſeemed externally diſtinguiſhed from 


the reſt, by their. figure and by their circum- 


ference. 


All that I have ſaid here has been obſerved by 
me alſo in ſheep, in the beginning of their preg- 
nancy. 


As explanation of 2 figures. 
Plate XV. Fig. 2. A. The ovary, upon which 


are ſhewn ova of different ſizes, which are Known 


by their tranſparence. 
B. The extremity, or the point of the ſpongy 


body, open at its upper part marked C. 


D. D. The aperture of the expanſion of the 
tube. 

O. O. O. O. Fleſh 7 fibres about the expan- 
ſion of the tube. 

E. The expanſion of the tube, as it appeared 
when it was blown into, ſupported by the mem- 


brane, which forms the hood. 


F. F.-F. The tube. 
G. The inſertion, or entrance of the tube into 
the corn uteri. 


H. One end of this hank: | 
I. I. I. I. I. I. I. I. The ſpermatic veins blown 


C3 


ROYAL ACADEMY of SCIENCES. 293 


C; which I have diſcovered and Gemoniixated 
upon ſeveral ſubjects. 

K. The ſpermatic artery. | 
W475 3. A. The extremity of the cornu uteri. 

B. B. The tube. 

C. The expanſion of the tube raiſed to ſhew 
the aperture, the fleſhy fibres, and other neigh- 
bouring parts, faſtened to the ovary marked 
O. O. 

D. D. D. D. D. Fleſhy fibres, ſeveral of which 
are faſtened to the ovary marked O. O. | 
E. E. Two ova, a part of which was on the 
outſide, the membrane of the ovary and the other 
part on the inſide, appearing like the point of 

an acorn out of its cup, 

F. An aperture ſhaped like a half creſcent, 
which has been mentioned ſeveral times. 

Fig. 4. Is an ovary uncovered. 

A. A. A. Agreat ſpongy body, of which, 

I. I. Is the point. 

R. The aperture, which is found ſometimes, 
and almoſt always at certain ſeaſons, 

N. The entrance of a cavity, which leads to 
the outer part, which is ſeen only by blowing. 

P. P. Half the ovary, wherein are ſeen ſe- 
veral eggs, almoſt detached from their cup. 

Fig. 5. Is an ovary ſeparated at the place 
where the veſſels enter, where eggs of different 
ſizes are ſeen. 

I. T. Is an ovum emptied of liquor, to ſhew 
how much the membrane of the ovary is thinned, 
at the place where the egg muſt go out. 

Fig. 6. A. A. A. A. A. A. A Pa of the cornu 

uteri. 

S. S. S. S. 8 The hood, Which exactly em- 
braces the ovary on all ſides. 

O. O. O. O. O. O. The tube, of which the ex- 
panſion is hidden by the hood. Fig. 
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Fig. 7. ſhews another ovary, which was ao 3 


embraced and hidden by the hood. 


A. A. A. A. Part of the cornu uteri. 1 
B. B. B. B. The hood opened. 


C. C. C. The ovary, upon which are 8 ſe⸗ 
vera eggs, one of which appeared to be raiſed. ' 


D. The ſpongy bod x. | 
8 The place where it was opened. „„ 


X. An aperture ſhaped like a half creſcent, of 
Rich the edge was raiſed, which paſſes over the 
22 When it is blown into thro*'a pipe. 
8 9 and IX. repreſent an ovary on the 
i A. A. The ſpong body ſeparated 
' ble membrane or-pyary. | 
Abe "20 5 5 where the ove 
were... . 
83 The t two aper « ſhaped like a half 


| crefcent. 


For IX. A. A. The fas ovary ſeen. on the 
inſide, in which ſeveral ova are diſcovered. 


B. B. An egg emptied of the liquor, which 


: ſhews by blowing in ,with'a. pipe the TO T 


; tel 


0 al 3 7 to the {ſpongy body. | 
vi. On the ci rule on of the blood in AN: 5 
_ fiſhes © which have gills, and on their reſpi —— 


2 Tolle by. M. du Verney ſenior K. 


It is known by every body, that the heart of 
all fiſhes, which do not breath air, has but one 
cavity, And conſequently but one auricle, at the 
outlet Of the veſſel which returns the blood. 
That of the heart of the 20 is applied to che 
left ſide. 

The Beh of the heart is very thick in propor- 
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non to its bulk, and its fibres are very compact: 
thus it has need of a very ſtrong action for the cir- 
culation, as we ſhall ſee hereafter.. | 

Every one knows what gills are; but every OY 
one does not know, that theſe parts ſerve for 
lungs to fiſhes. Their fabrick is compoſed of 4 
ribs on each ſide, which move upon themſelves 
in opening and ſhutting, and alſo with regard to 
their upper and lower ſupports, in receding from 
and approaching towards each other. The con- 
vex ſide of each rib is charged on both its edges 

with two ſorts of laminæ, each of which is com- 
poſed of a row of narrow lamellæ, ranged and 
locked againſt each other, which form as it were 
ſo many beards or fringes, like the vanes of a 
feather; and theſe fringes are properly called the 
lungs of the fiſhes. 

Here 1s a very extraordinary, and very ſingu- 
lar ſituation of the parts. The 7borax, as well as 
the lungs, is in the mouth: the ribs bear the 
lungs, and the animal breaths water. 

The extremities of theſe ribs, which are to- 
wards the throat, are joined together by ſeveral _ 
little bones, which form a ſort of fernams in 
ſuch ſort however, that the ribs have a much 
freer play upon the ſternum, and can recede from 
each other much more caſily than thoſe of men, 
and that the fernum can be raiſed and depreſſed. 
The other extremities, . which are towards the 
baſe of the ſkull, are alſo joined by-ſome little 
bones, which are articulated with this baſe, and 
can recede from it, or approach to i. 

Each rib is compoſed of two pieces, joined by 
a very ſupple cartilage, which in each of theſe 
parts is what the hinges are in mechanical works. 

The firſt piece is bent into an arch, and its 

length 
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length i 18 about A ſixth « rtl 1 on of the crce a Fi 9 
Which it nous ke a p.. 8 
The ſecond almoſt deſeribes a capital Nie 8. 
The convex part of each rib is hollowed like a 
gutter, and the veſſels, which J ſhall mention Is 

_ afterwards, run along this gutter. _ 5 

Each of the /amin;e, of which the Ln 2 8 „ 
compoſed, is of the figure of a ſcythe, and at 
its origin it has a foot, which reſts ics by is 5 
extremity on the edge of the rib. 1 

Each of theſe laminæ is compoſed of 1 2 Py 5 
lamellæ, thus the 16 contain 3, 640 ſurfaces, 
which I reckon here,” becauſe” the 2 ſurfaces of 
each lamella are cloathed all over with a very. 
fine membrane, upon which are made almoſt 
innumerable ramifications of the capillary TO 
of theſe ſorts of lungs. He. 

I have ſhewed the company, that there are ot 
46 muſcles employed in the motions of theſe 
ribs; 8 of them dilate the interval, and 16 con- 
tract it, 6 inlarge the arch of each rib, and 12 
contract it, and at the ſame time depreſs che 
* and the other 4 raiſe it up. 3 

The gills have a large aperture, upon whic 5 
is placed a cover compoſed of an affemblage of 
ſeveral pieces; it has the uſe. of the leather of a 
pair of bellows, and each cover is formed with 
ſuch artifice, that, in ſeparating from each other, 
they bend outwards to augment the capacity of 
the mouth, whilſt one of their pieces, which 
plays on a fort of knee, keeps the apertures of 
the gills cloſe, and opens them only to give 

paſſage to the water which the animal has re- 
ſpired, which is done at the ſame time that the 
cover is depreſſed and contracted. | 

There are 2 muſcles, which ſerve to raiſe this 

cover, 
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cover, and 3 which ſerve to depreſs and con- 
ect EZ ibs 5 

J have juſt ſaid, that the aſſemblage, which 
compoſes the ſtructure of the covers, makes 
them capable of bending outwards. I ſhall 
add 2 other circumſtances. 1. That the part of 
this cover, which aſſiſts in forming the under 
part of -the throat, is plaited like a fan upon lit- 
tle bony lamellæ, to ſerve, as it unfolds, for the 
dilatation of the throat in the inſpiration of the 
water. 2. That each cover is cloathed both 
within and without by a ſkin which adheres 
very cloſely to it. Theſe 2 ſkins joining together, 
are prolonged to about 2 or 3 lines beyond the 
circumference. of the cover, and diminiſh con- 
tinually in thickneſs. This prolongation is much 
larger under the throat, than towards the top of 
the head. It is very ſupple, that it may be ap- 
plied the more exactly to the aperture upon 
which it reſts, and to keep it ſhut at the firſt 
moment of the dilatation of the mouth for 
reſpiration. . x, 5 
The artery, which comes out of the heart, 
dilates itſelf in ſuch a manner, as to cover the 
whole 34. of it; and then contracting gradu- 
ally it forms a ſort of cone. At the place where 
it is thus dilated, it is furniſned on the inſide 
with ſeveral fleſhy columns, which may be con- 
ſidered as ſo many muſcles, which make of this 
part of the aorta a ſort of ſecond: heart, or at 
leaſt a ſort of ſecond ventricle, which joining its 
preſſure to that of the heart, doubles the force ne- 
ceſſary for the diſtribution of the blood, in order 
to the circulation, „ | 

This artery riſing by the interval between the 
_ gills, makes over againſt each pair of ribs on 
cach ſide, a great branch, which runs 1n the 
Vol. . Pp . 
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gutter hollowed on the outer ſurface of each 
rib, from one extremity of the lamina te the 
other. This is the courſe of the aorta in the 
animals of this kind. The aorta, which in other 
animals, carries the blood from the centre to 
the circumference of the whole body, runs in 
theſe, no farther than from the heart to the ex- | 
tremity of the gills, where it ends. 

This branch furniſhes as many twigs, as there 


are /amel/z on each edge of the rib The great 


branch ends at the extremity of the rib, as has 
been faid, and the twigs end at the extremity 
of the lee, to which each of them 18 diftri- 
buted. 

Each twig of an artery, riſes along the inner 
edge of each  lamella of the 2 lamine placed upon 


each. rib, that is, along both edges of the Jamellz, 


which are towards each other, theſe 2 twigs in- 
oſculate in the middle of their length; and con- 
tinuing their courſe, reach as 1 have faid, to the 
point of each lamella. There each twig of the 
extremity of the artery, finds the mouth ef a 
vein; and theſe 2 mouths being immediately ap- 
plied to each other, and making but one canal, 
notwithſtanding the different conſiſtence of che 2 
veſſels, the vein goes down upon the exterior 
edge of each lamella, and being come to the 
bottom of the lamella, it pours its blood into a 
great venal veſſel, couched near the branch-of the 
artery, in the whole extent of the gutter of the 
rib. But it is not only by this immediate inoſ- 
culation of the 2 extremities of the artery and 
the vein, that the artery diſcharges itſelf into the 
vein, but alſo by its hole courſe, in the fol- 
lowing manner. 
The twig of the artery upon the edge of each 
_ lemella throws off, thro' its whole courſe, upon 
: . the 
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the flat of each lamella on both ſides, an infi- 
nite number of veſſels; which parting by pairs 
from this twig, one on one fide, and the other 
on the other, each of them on its own ſide goes 


ſtrait to the vein, which deſcends upon the op- 


polite edge of the lamella, and inoſculates with 
it by an immediate contact. It is thus that the 
blood paſſes in this kind of animals, from their 
pulmonary arteries into their veins from one end 
to the other. Their arteries are true arteries, 
both by their ſtructure, and by their carrying 
the blood. Their veins are true veins, both by 
their receiving the blood from the arteries, and 
by the extreme delicacy of their conſiſtence. Thus 
far there is nothing but what is in the uſual ceco- 
nomy. But the ſingularities are, 1. the imme- 
diate inoſculation of the arteries with the veins, 
which is found indeed in the lungs of other ani- 
mals, eſpecially in thoſe of frogs and tortoiſes, 
but is not ſo manifeſt as in the gills of fiſhes. 
2. The regularity of the diſtribution, which ren- 
ders this inoſculation more viſible in this kind of 
animals; for all the branches of arteries, riſing 
along the lamellæ upon the ribs, are as ſtrait, and 
as equally diſtant from each other, as the /amelle. 


The tranſverſe capillary twizs, which part from - 
theſe branches at right angles, are equally diſtant 


from each other; ſo that the direction and the in- 
tervals of theſe veſſels, both the upright and the 
tranſverſe, being as regular, as if they had been 
drawn by rule and compaſs, we follow them with 
the eye and with the microſcope. We ſee there- 


fore that the tranſverſe arteries end immediately + 
in the body of the deſcending vein, and each of 


| theſe veins, having received the blood from the 
tranverſe capillary arteries on each ſide of the 
| 2 ä lamella, 


. 


\ 
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lamella, inoſculates directly with the trunk of the 
vein couched in the gutter. 20 
It muſt be confeſſed, that this diſtribution is 
very ſingular: but what follows is more ſo. 
Theſe trunks of veins, full of arterial blood, 
coming out on each ſide by their extrernity, 
which is towards the Sai, of the cranium, take 
the conſiſtence and thickneſs of arteries, and unite 
themſelves again by pairs on each ſide. That of 
the firſt rib furniſhes, before its reunion, ſome 
branches, which diſtribute the blood to the or- 
gans of ſenſation, the brain, and neighbouring 
parts, and by this means performs the functions, 
which belong to the aſcending aorta inquadrupeds, 
then it joins itſelf again to that of the ſecond rib, 
and theſe two together make but one trunk, which 
running along the Bis of the cranium, receives 
again on each ſide another branch formed by the 
reunion of the veins of the third and fourth parts 
of the ribs, and altogther make but one trunk. 
Afterwards this trunk, all the roots of which 
were veins in the lungs, becoming an artery, by 
its coat and office, continues its courſe along the 
vertebræ; and diſtributing the arterial blood to 
all the other parts, performs the function of a 
deſcending aorta, and the arterial blood is by 
this means equally diſtributed to all the parts, to 
nouriſh and animate them; and there are roots 
of veins every where, which take up the reſidue 
again, and carry it back by ſeveral trunks formed 
by the union of all theſe roots, to the common 
reſeryoir, which muſt return it to the heart; thus 
the circulation is finiſhed- in theſe animals, 
But what increaſes the ſingularity, is that theſe 
very pulmonary veins coming out of the gutter 
of the ribs by their extremity towards the throat, 
preſerve the coat and function of veins, by bring- 
| ing 
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ing back, into the recepticle of all the venal 
blood, a portion of the arterial blood, which 
they have received from the pulmonary arteries. 
As the motion of the jaws contributes alſo to 
the reſpiration of fiſhes, it will not be amiſs to 
obſerve, that the upper one is moveable, that 
it is compoſed of ſeveral pieces, which are 
naturally engaged in each other, in ſuch a man- 
ner, that they may, by unkolding, dilate and pro- 
long the upper jaa. 

All the parts, which ſerve for the reſpiration 
of the carp, amount to ſo ſurpriſing a number, 
that it cannot be amiſs to enumerate them in this 
Place. : 

The bony parts 2 are in number 4386: and 
there are 69 muſcles. _ 

The arteries of the gills, beſides their eight 
principal branches, divide into 4320 twigs ; and 
each twig makes on each fide, on the flat of each 
lamella, : an infinite number of tranſverſe capil- 
lary arteries, the counting of which will not be 
difficult, and will much exceed all theſe num- 
bers together. 

There are as many nerves as arteries, the rami- 
fications of the firſt exactly following thoſe of the 
reſt. 

The veins, as well as the arteries, beſides their 
eight principal branches, make 4320 twigs, 
which are mere tubes, and differ from the twigs 
of the arteries, in not forming any tranſverſe ca- 
pillary veſſels. 

The blood, which is brought back from all 
the parts of the body of fiſhes, enters the recep- 
tacle, into which all the veins empty themſelves 
into the auricle, and thence into the heart; which, 
by its contraction, drives it into the aorta, and 
into all the ramifications, which it makes _ 

the 
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the lamollæ of the gills: and as at its origin it is 
furniſhed with ſeveral very thick fleſhy columns, 
which contract immediately afterwards; it fe- 
conds and fortiſies by its —— the action 
of the heart, which 1 is — the blood with much 
more force into the tranſverſe capillary twigs, ſi- 
tuated on each fide, upon all the Iamellæ of the 
ills, | 
1 Ic has been obſerved, that this artery and its 
branches run only from the heart to the extre- 
mity of the gills; Thus this redoubled ſtroke of 
a piſton mult ſuffice to drive the blood, with 
impetuoſity, into this infinite number of little ar- 
teries, ſo ſtrait and ſo regular, where the blood 
finds no other obſtacle than meer contact; and 
not the ſhock and the reflections, as in other ani- 
mals, where the arteries are ramified a thoufand 
ways, eſpecially in their laſt ſubdiviſic ns. 17 

So much for the paſſage of the blood into the 
lungs : it remains for me now to ſpeak of the 
preparation of it. 

1 ſuppoſe, that the particles of air, which are in 
water, as water is in a ſponge, are able = diſ- 
engage themſelves from it ſeveral ways. 1. By 
heat, as we ſee in boiling water. 2. By the 
weakening of the ſpring of the air, which preſſes 
the water, in which theſe particles of air are en- 

gaged, as we {ce in the air-pump. 3. By the 
agitation and extreme diviſion of the water, when 1 it 
has any degree of heart. 

We cannot queſtion there being a great deal of 
air in the bodies of fiſhes, and that this air is very 
neceſſary for them. Both theſe are ſhewn by the 
air- pump. 

I put a very brill tench into a veſſel full of 
water, which was placed under a receiver; and 


after having given 5 or © ſtroaks of the piſton, 
; we 
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we obſcrved that this tench was quite covered 


with an infinite number of little bubbles of air, 


which got out from between the ſcales; ſo that 
che whole body ſeemed ſet with pearls. There 
alſo got out a very great number by the gills, 
much bigger than thoſe on the ſurface of the 
body. At laſt ſome came out by the mouth, but 
in leſs quantity. Beginning to pump anew two 
or three times ſucceſſively, we obſerved that the 
fiſh was agitated and tormented in an extraordinary 
manner, and that it breathed more frequently. 
After having ſpent a full quarter of an hour in 
this condition, it grew languid, the whole body 

and even the gills having no longer any ſenſible 
motion. Then taking the veſſel from under the 
receiver, wethrew the fiſh into common water, 
where it began to breath and ſwim, bur. faintly, 


and-it was 2 long time in returning to its natural 


fate. 
I made the ſame experiment on a carp, 1 


put it into the ſame machine, and having pumped 


the air 3 or 4 times, as we had done from the 


tench, the fiſh began at firſt to be agitated; the Z 


whole ſurface of the body became pearled, there 
came out of the mouth and gulls an infinite num- 


ber of very large bubbles of air, and the __ 


of the air-bladder ſwelled very much. 

Ibo this carp was bigger. than the tench, the 
beating of the-gills ceaſed ſooner. When we be- 
gan to pump again, the gills began to beat again, 
but only for a little while, and very faintly. At 
laſt it continued without any motion; and the 


region of the bladder became ſo ſwoln and ſo 


ſtretched, that the row began to come out at the 
anus, This laſted about + of an hour, when it 
died, being grown very flat. H. aving opened it 
we e found the bladder burſt. 


We 
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We alſo found by experiment, that a fiſh be- 


ing put into water purged of air, cannot live there _ 


lon | Ny. 
Belides theſe experiments, which may be made 


in the air-pump, here are others, which prove 


alſo that the air, which is mixed in the water, 


has the ages . ſhare in the reſpiration of fiſhes, 
If you incloſe ſome fiſhes in a glaſs- veſſel 
Full of water, they live for ſome time, provided 
the water is renewed : but if you cover the veſſel, 
and ſtop it, ſo that the air cannot get in, the : 
fiſhes will be ſtifled. This proves that the water 


ſerves for their reſpiration, only ſo far as it has 


liberty to be impregnated with air. 


Put ſeveral fiſhes into a veſſel, which is not 


1 entirely filled with water, if you cloſe it, theſe 
fiſhes, - which before ſwam at full liberty, and 


were briſk, will be agitated, and preſs towards 


the upper part, to reſpire that portion of the wa- 


ter, which is neareſt to the air. 
We obſerve alſo, that when the farkace of the 


onds is frozen, the fiſhes die ſooner or later, ac-. - 
cording as the pond is of greater or leſs extent 
and depth; and we obſerve, that when the ice is 


broken any where, the fiſhes preſent themſelves. 
haſtily to breathe this water impregnated wit 


new air. Theſe experiments manifeſtly prove ” 
the neceſſity of air for the reſpiration of fiſhes. 
Loet us ſee now what paſſes in the time of this 1 +} 


ſpiration. 
The mouth opens, and the lips advance, and 


thereby the cavity of the mouth is prolonged, the 
throat ſwells, the coverings of the gills, which 
have the ſame motion with the leathers of a pair 
of bellows, ſeparating from each other, arch out- 
wards by their middle only, whilſt one of their 


* which plays upon a ont of Knee, keeps 
5 the 
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the apertures of the gills ſhut, continually raiſing 
themſelves a little, without permitting the water 
to enter; becauſe the little fkin, which edges 
each covering, cloſes the aperture of the gills ex- 
% N 
All this increaſes and inlarges every way the 
capacity of the mouth, and' determines the wa- 
ter to enter into its cavity, juſt as the air enters by 
the mouth and noſtrils, into the tracbhea and lungs, 
by the dilatation of the breaſt, At the fame 
time the ribs of the gills open, by ſeparating from 
each other; their arch is enlarged, the fternum is 
withdrawn from the palate; and ſo every thing 
conſpires to make the water enter the mouth in 
greater quantity. Thus the inſpiration of fiſhes is 
performed. Afterwards the mouth ſhuts ; the 
lips, which before were prolonged, contract them- 
ſelves, eſpecially the upper one, which folds like 
a fan, the lower lip ſticks to the upper one by 
means of a little ſkin in form of a creſcent, which 
falls down like a curtain, and hinders the water 
from getting out. The cover is flatted upon the 
re of the gills. At the ſame time the ribs 
cloſe againſt one another, their arch is contracted, 
and the ſternum ſinks upon the palate,  _ 
All this contributes to compreſs the water which 
is entered into the mouth. It then preſents itſelf 
to get out by all the intervals of the ribs, and 
thoſe of their /amellz, and it paſſes like ſo many 
wires; and by this motion the membranous bor- 
der of the covers is raiſed, and the water being 
preſſed eſcapes by this aperture. Thus the ex- 
piration is performed in fiſhes. We here ſee, that 
the water goes in at the mouth, and out at the 
gills by a ſort of circulation, quite contrary to 
what happens in quadrupeds, in which the air goes 
J ESE . Qq bo in 


306 The HIS TORX and MEMOIRS of the 
in and out alternately by the ſame aperture of the 
trachea. 

This is all that concerns the motions of the re- 
ſpiration of fiſhes. Let us now purſue the courſe 
of the blood in the gills, and ſee what preparation 
it there receives. 
The blood, which comes out of the heart of 
the carp, ſpreads itſelf in ſuch a manner upon all 
the lamellæ, of which the gills are compoſed, 
that a very ſmall quantity of blood preſents it 
ſelf to the water under a very great ſurface ; that 
by this means each of its parts may more eafily 
and in leſs time be penetrated by the particles of 
air, which are diſengaged from the water, by the 
extreme diviſion that it ſuffers between theſe la- 
melle. It is for this that it was neceſſary not only 
that each /amina ſhonld have ſo great a number 
of them, but alſo that all their ſurfaces ſhould be 
covered with tranſverſe capillary branches of the | 
aorta. 

We obſerve in ſome meaſure the ſame mecha- 
niſm in the lungs of other animals ; for they are 
formed of a prodigious number of ſmall mem- 
branous veſicles, which ſupply the place of la- 
mellz, they are interwoven with an infinite num- 
ber of ſmall veſſels, which make the blood 
ſpread itſelf in the ſubſtance of the lungs in ſuch 
a manner, as to preſent itſelf to the air under a 
very great ſurface. 

But the number of theſe veſſels in the veſicles of 
the lungs does not come near the number of thoſe 
of the lamellæ. It is alſo more difficult to draw air 
from water, than to breathe pure air, ſuch as en- 
ters into the veſicular lungs. 

If we conſider the extraordinary concuſſion and 
diviſion, which the parts of air ſuffer in the time 


of expiration, we ſhall be apt to believe, that it 
3 18 
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is then that the air enters into the capillary veſſels 
of the gills. It is therefore probable, that the 
fame thing happens in the lungs of other animals; 
for as the air muſt have ſome force to inſinuate 
itſelf into the veſſels, it does not appear that it 
can enter them in the time of inſpiration, that is, 
when it enters naturally into the lungs. On the 
contrary, when it is repelled by the expiration, 
it endeavours to eſcape on all ſides; and forcing 
all the obſtacles that it meets, it paſſes through 
the thin and fine membranes, which compoſe 
the veſſels, whilſt the greateſt part of this air goes 
out again by the trachea. 

The difficulty, with which theſe ſmall parts of 
air paſs through the pores of theſe veſſels, com- 
preſſes their ſpring ; whence it follows, that when 
they are entered, this ſpring muſt diſcharge with 
impetuoſity againſt the particles of the blood, 
which are then depreſſed, agitated, and pounded 
with violence z which makes them ſhock toge- 
ther every way; and it is by this that they ac- 
quire a new motion of liquidity and heat. 

If this is true in the animals that breath air, it 
muſt be ſtill more true in the animals that breath 
water; becauſe here the air is otherwiſe compreſ- 
ſed, than the free air is which they firſt reſpire ; ſo 
that the great ſeparation of theſe particles of air 
ſo compreſſed, muſt in ſome meaſure ſupply the 
leſs quantity of air, which enters into the veſſels 
of the gills. 35 3 

When we conſider that the blood of the veins 
of the gills is of a more vermillion red, than that 
of the aorta, we eaſily judge, that it is there 
charged with ſome particles of air. We obſerve 
in other animals the ſame difference between the 
blood of the pulmonary artery, which is always 

1 
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of a dark red, and that of the pulmonary vein, 
which 1 is always of a very bright red. 
The blood thus impregnated with particles of 
air, and thereby become truly arterial, enters 
into the veins of the gills; and theſe veins com- 
ing out of the gutter of the ribs by the extremity, 
which is towards the bafis of the cranium, take 
the conſiſtence of arteries, and diſtribute this blood 
to all the parts. It is afterwards taken up again 
by the veins which carry it to the heart. 
It muſt not be forgot, that the artery which 
proceeds from the heart, has a ee whereas 
the veſſels, which perform the function of the 
aorta, have none at all, or at leaſt none that is 
ſenſible. 1. Becauſe they have no immediate 
communication with the heart. 2. Becauſe the 
blood paſſes from a ſmall tube into a great one. 
But it muſt alſo be conſidered, that the throwing 


of the blood is not neceſſary for the nutrition ' 


of the parts, for which it is ſufficient that the 
blood flows with a gentle courſe; as it is al- 
ſo neceſſary, that it ſhould flow otherwiſe for 
its diſtribution and circulation, eſpecially in thoſe 
animals, where it is much flower, which perſpire 
but little, and can live a long time without any 
nouriſhment. 

Ir is eaſy to judge by all that has been juſt faid, 
that the ſituation and conformation of the lungs 
and their commerce with the heart, are very dif- 
ferent in the different ſpecies of animals, which 
was not unknown to Malpighi. 

In the f@us, there are particular duds, which 
have ſo near a communication with the ventri- 
cles of the heart, and the head of the veſſels of 
the lungs, that they make almoſt all the nutri- 
tious Juices of the mother paſs immediately into 


the corta, which diſtributes (rom to all the . 
0 
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of - the body; whereas, after the birth, all the 
blood of the veins enters into the right ventricle, 
which drives it immediately into the Jungs; from 
whence, after - it has in a long circuit been im- 
pregnated wich particles of air, it paſſes into the 
left ventricle, Which ſpreads it immediately by 
the aorta into all the parts. 
In tortoiſes, frogs, and other animals analo- 
gous to them, 3 of the blood paſſes through the 
langs at each circulation, and there receives all 
the preparations neceflary for the functions of 
life. This blood, which returns from the lungs, 
mixes afterwards with that of the veins in the ca- 
vity of the heart, where this laſt being impreg- 
nated with the active parts of the air, which the 
firſt received in the lungs, is afterwards diſtribu- 
ted by the aorta to the whole body. 

In fiſhes, all the blood, which comes out of 
the heart, paſſes through the lungs, where being 
alſo impregnated with the active parts of the air, 
it afterwards dfſtributes itſelf through the whole 
body, and ſo far this circulation is conformable 
to that of man. Fiſhes however have but one 
ſingle ventricle: but this ſingular circulation is 
occaſioned by the aorta, performing the office of 
the pulmonary artery, and by the pulmonary 
veins becoming arteries and performing the office 
of the aorta. 1 

In inſects, the fracheæ, which ſerve . for 
jungs, are ſpread through all the parts, Where 
they are ramified after the manner of the bron- 
chia in the veſicular lungs; ſo that whereas in 
other animals the air borrowed from the bronchia 
is diſtributed into all the parts by the arteries, it is 
here immediately diſtributed into the Juices which 
are actually in each part. 


The reaſon of ſo lurpriſing a diſtribution comes 
from 
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from the nature of the liquors contained in the 
tubes of theſe animals, which, that they may 
be extremely glutinous and viſcid, and conſequently 

very fit to be connected together, and ſtuck to the 
ſurface of their veſſels, ought to be impregnated, 
in their whole courſe, with the active parts of 
air, to facilitate their circulation, and render them 
fit for nutrition. 

We fee by this enumeration, that the functions 
of the lungs have not always a cloſe connection 
with thoſe of the heart, and that each of theſe 
parts have very different uſes, with regard to the 
blood. 

The heart is only for the motion, which we 
call circulation. The lungs favour it by the in- 
troduction of the particles of air, and alſo by the 
impulſe of the water into the animals in queſtion. 
But its principal office is to impregnate the blood 
with air, and thereby to render it capable of car- 
ry ing the aliment, life, and heat all over. It is 
for this reaſon, that we have juſt ſhewn, 1. That 
in all animals, except inſets, the blood never 
| paſſes from the heart into the aorta, without hav- 
ing paſſed through the lungs, even in the fætus, 
in the manner that we have explained, 2. That 
in moſt it muſt neceſſarily paſs thither entire, as 
in men, quadrupeds, birds, and fiſhes. 3. Or 
that it paſſes thither in part, as in tortoiſes, frogs, 
Sc. And it is neceſſary, that at leaſt ; of the 
blood ſhould paſs through the lungs of theſe ani- 
mals, to be vivified as much as their functions re- 


ure, 


Laſtly, we have ſhewn, that if in inſects there . 


are no lungs for the blood to paſs through, it is 
becauſe the air is neceſſarily mixed in all their 
parts with the nutritious juices; ſo that by this 
mechaniſm each part ſerves for Jungs to ittelf, 
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. On the ect, of the ela 850 F the air 
in gunpowder and 45 3 io, 


Mr. "Chambers. | | | 


HE air, which, till of late, appeared a 

fluid almoſt void of action, is now found 
one of the moſt violent and univerfal agents in all 
nature. The force, for inſtance, of gunpowder, 
how ſurpriſing ſoever, is only the force bf the 
air. There is air inclofed, or rather crowded 
and impriſoned, in each grain of the powder; 
and there is likewiſe air in all the intervals be- 
tween the grains, and when the powder takes fire, 
the ſprings of all theſe little portions of air open 
and unbend themſelves all at once. Theſe ſprings 
are the only cauſe of ſuch prodigious effects, the 
powder only ſerving to light : a fire to put the air 
in action; after which *tts the air alone that is 
to do all. * 

Hence M. % la Hire * ventured to aſcribe 
all the phenomena of gunpowder to the proper- 
ties of elaſticity, the principal whereof, or at 
leaſt thoſe of moſt importance in his enquiry, are 
as follow. 

A fpring, for inſtance, a bended leaf, or la- 
mella of ſteel, tends to iinbend itſelf on the two 

Vol I. N RT op- 
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oppoſite ſides with equal violence, it requires as 
certain reſiſtance to enable it to exerciſe its whole 
force, and it acts ſo much the leſs, as the body it 
acts againſt yields or gives way more eaſily. A 
ſpring, in fine, has a greater effect on one fide, 
when it meets with a feſiſtance on the oppoſite 
one. | | pen 
On theſe ſuppoſitions, M. de la Hire firſt con- 
ſiders all the ſprings of the air put in action by 
the fire which lights the powder in the barrel of 
a gun: ſome philoſophers have imagined, that 
when lighted ſucceſſively, its effort is greater in 
the part where it was firſt kindled, by reaſon its 
violence is here augmented by that which kindles 
afterwards : but this muſt be a miſtake ; for ac- 
cording to the remark of M. de la Hire, a ſpring, 
reſting upon another equal ſpring, and reſiſted 
by it, has all the force it is capable of, nor will 
receive any addition by any number of other 
ſprings ſucceeding each other, either to ſuſtain it, 
or to ſuſtain thoſe it bears upon. On the contrary, - 
the force of the firſt may perhaps be diminiſhed, 
while the others are put in motion ; and if during 
this ſpace of time, the body againſt which they 
are to act begins to give way, their action of con- 
ſequence will be ſo much the weaker. 
is better therefore that the ſprings all unbend 
together, even though one would only have them 
act in the place where the powder firſt begins to 
take fire; *tis evident beſides, that if the powder 
kindle all at once, a greater heat will ariſe, and 
conſequently the ſprings be put in a greater ten- 
ſion ; and that as they will hereby ſuſtain each 
other at the ſame time, they will be capable of 
the greater effort towards every ſide, all we have 
to be apprehenſive of is the cannon's burſting, by 
a too haſty and ſudden inflamation of the whole 
powder 
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powder; on which account it has been found pro- 
per to have it a little diminiſned. e 

The cannon being ſuppoſed thick enough to 
reſiſt all the impulſe directed from the axis of the 
barrel towards its circumference, there only re- 
mains that which is in the direction of the breech 
and mouth, the ſprings drive equally in thoſe two 
contrary ways, and hence it happens, that the 
cannon rebounds or flies backwards, while the 
ball iſſues the other way. | 

The force therefore, which cauſes the rebound, 
is the ſame as that which cauſes the motion of 
the ball, whence then does it proceed, that the 
motion of the ball is of ſo great an extent, and 
that of the rebound ſo little? The reaſon is, 
that the cannon finds much more oppoſition to its 
moving backwards, than the ball to its moving 
forwards ; and as the two effects ariſe from an 
equal power, the way paſſed over by the ball, is 
ſo much greater, than that paſſed by the cannon, 
as the difficulty of its moving backwards ſurpa ſſes 
that of the ball's moving forwards. 8 
Hence there muſt be a great reſiſtance made to 
the rebound of the cannon. This reſiſtance we 
ſeem to have from the friction of ſo heavy a ma- 
chine, as a cannon with its carriage againſt the 
ground; but this is not all, for the reſiſtance of a 
motion is ſo much the greater, as this motion is 
y_ and when its quickneſs is ſuch, as that 
the reſiſting power has no time to give way in 
this caſe, a body very weak of itſelf may do the 
office of any movable obſtacle. Thus 1t is, that 
the air and water, when ſtruck ſo haſtily, and 
with ſuch nimbleneſs, that they have not time to 
recede, become fixed points; one of them for 
the flight of birds, and the other for the action of 
cars; ſo a ſtaff ſuſpended at the two ends, by 
E .-.-- 
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two flender threads, may be ſtrack in the middle 
with fo quick a motion, as to break it in two 
without injuring the threads it was ſuſtained by; : 
for rhe fibres of ſuch threads require a certain time 
to be lengthened and extended, ſo as to ſeparate, 
which time is not here allowed them ; beſides, 
that the air not having been able to eſcape quick 
enough from behind the ſtaff, ſuſtained it as it 
were, and thus expoſed it to receive the whole im- 
preſſion of the ſtroke, the extreme velocity there- 
fore, or as I would rather call it, the extreme 
ſuddenneſs of the motion, which the powder 
gives the cannon, muſt augment the reſiſtance 
made. to its rebounding, either by the ground, 
or even by the air, if a cannon were ſuſpended, 
experience ſhews us, that the rebound would be 
very great, 

A rocket, whoſe conſtruction I here ſuppoſe 
known, is only a little light cannon, which by 
the impulle of the lighted matter it contains, re- 
bounds upwards in the direction of its breech, 
and this with the ſame velocity, as that where- 
with the combuſtible matter ſtreams out at its 
mouth, which looks downwards in effect; 3 this 
rebound | is the riſe of the rocket. | 

When the rocket is charged with all 1 its matter, 
if its centre of gravity were above the centre of 
its figure, with regard to the cloſe end, which 
is what goes foremoſt, it would follow ſrom ſome 
reaſons, laid down in the hiſtory of 1700 *, 
that as ſoon as the rocket began to riſe, it 
would deſcribe a ſemicircle in the air, till it 
became upſide down, and after this would fall 
back again, by reaſon the cloſe end which makes 
the rebound, would be turned towards the earth 
now it being impoſſible in the practice to deter- 
mine the preciſe place of the centre of gravity and 

Pag. 191. of this abridgment. its 
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its poſition, ' with regard to its centre of magni- F'Y 
| tude, recourſe is had to a ſhorter and eaſier ex- . BY 
pedient, a ſtick is tied to one end of the rocket, 17 
whoſe weight is ſuch, as that the centre of gra- 
vity of the rocket and ſtick taken together, falls 
a little below the aperture of the rocket; if this 
centre be below that aperture when the rocket is 
intire, it will be more below it ſtill when it riſes, 
ſince it is continually diſcharging its combuſtible 
matters, and thus becomes lighterand lighter. This 
centre therefore is always deſcending i in proportion 
as the rocket riſes; and thus makes it preſerve a 
direct motion. 
M. de la Hire confeſſes to the clory of that 
vague and inaccurate experience, which produced 
the arts, that he believes the moſt ſubtil ſpecula- 
tion cannot add any thing to the conſtruction of 
rockets ; only he obſerves, that the ſtick being 
faſtened to one of the ſides, the centre of gravity 
of the whole cannot be in the axis of the rocket, 
and conſequently that it can never riſe quite ver- 
tically; but that in order to give it this direction, 
it would be better to faſten two ſticks to the two 
ſides, both of them only weighing the lame as 
one ſhould have done. 
Tis eaſy to apply the principles which POS 
in cannons and rockets to petards. To augment 
the effect of a petard againſt a gate or wall, it is 
faſtened to, M. de la Hire propoſes, that it be 
rendered perfectly firm and immovable on the 
oppoſite ſide; this will prevent its rebounding, and 
redouble its violence on that ſide it is to act on. 
Thunder itſelf is only a kind of lighted gun- 
powder, and men may without preſumption 
| boaſt they have imitated it. Tis a mixture of 
ſulphur and ſalt petre, or other matters, near a- 
3 to them, and the air dilated, and its ſprings 


put 
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put in action by the inflammation thereof, pro- 
u ces the principal phenomena of thunder. 
If this air, when it dilates and unbends, meet 
with nothing to reſiſt it, we find lightening pro- 
duced, but hear no noiſe; if it meet with clouds, 
which oppoſe its motion, there ariſes a friction or 
colliſion of the air, which occaſions the noiſe, 
and this noiſe is ſo much the greater, as theſe 
clouds being formed of little particles of ice, are 
lefs diſpoſed to receive motion from an inflamed 
air, when the fire produced by thunder moves 
with fo much violence, as to compreſs and ftrain 
the ſprings of the groſs air around it, this air be- 
comes capable hereby of refiſting and driving it 
back again, which happening ſeveral times to- 
gether, makes the lightning appear like waving 
LS Be. . . Co oe 

The air neareſt the earth being the groſſeſt, 
muſt make the moſt reſiſtance to the motion of 
thunder, that is, muſt tend moſt to make it reaſcend; 
and hence the flame muſt be frequently repelled 
towards the place it aroſe from, and thus ſpend 
itſelf without effect. 

We ſometimes find water ſpout through the 
adjutage of a fountain, three or four times higher 
than the height of the reſervoir can occaſion, tho? 
it quickly returns again to the regular height; if it 
be enquired how it came to exceed it, M. de la 
Hire attributes it to the air incloſed in the pipe, 
which having been compreſſed by the water con- 
tinually deſcending, unbended itſelf againſt that 
which was aſcending, and gave it this momen- 
tary velocity; ſo he alſo imagines, that the vio- 
lence of thunder may ſometimes be increaſed by 
the air, which after a ſtrong compreſſion, occa- 
ſioned by the fire of the thunder, itſelf reſumes 


its natural extenſion: were one to purſue all the 
effects 


RO VAL ACADEMY of SCIENCES. 319 
effects of the air, it would be found, as it were, 
the only ſoul of the world, if by world we mean 
that which we inhabit, and which ſurrounds us 


II. On the cauſe of refraction, tranſlated by 
Mr. Chambers. 


The diſpute about refraction between Meſl. 
Deſcartes and Fermat is famous; they had each 
of them their way of demonſtrating, that an 
oblique ray paſſing out of air into water, muſt be 
refracted towards the perpendicular. But in Deſ- 
cartes's demonſtration, it was ſuppoſed, that the 
rays penetrate water more eaſily than air. Where-_ 
as it followed from that of Fermat, that the rays 
penetrate air more eaſily than water ; this was 
the chief point in diſpute between thoſe two 
great men, and it afterwards divided the otherphi- 


loſophers. 
MN. Carre has eſpouſed Deſcartes's ſide, aſſert- 
ing, that the air makes more oppoſition to the 
paſſage of light than water does, notwithſtand- 
ing that it receives a much greater quantity 
thereof, and reflects it leſs; for thoſe two things 
may be eaſily ſeparated. According to this author, 
air is the only body penetrable by light, all other 
bodies are ſolid with reſpe& thereto, and reflect 
it; and when light paſſes through water, or glaſs, 
it only paſſes through the air contained in their 
| pores, the proper particles of the glaſs or water 
reflecting it back again; and hence that multi- 
tude of refſections in tranſparent bodies, the par- 
ticles of that ſpacious fluid, which we properly 
call air, have a liberty of moving beyond all 
compariſon greater than thoſe of air incloſed and 
impriſoned in water or glaſs, now the extreme 
0 mobi- 
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mobility af the particles of free or open air, and 
their continual agitation every way, proves a 
great impediment to the motion of a ray of light, 
diſturbing, interrupting, and conſequently weak- 
ning and diminiſhing its velocity; whereas the 
air incloſed in tranſparent bodies, being leſs mova- 
ble, proves leſs detrimental to the motion of the 
rays; and hence it ſollows, that of all bodies pe- 
netrable by light, free air is the moſt difficultly 
penetrable, and that all other give it the eaſier 
paſſage, as they contain leſs air and are more 
denſe. 
Accordingly glass, which contains leſs air than 
water, is more favourable to the paſſage of light, 
and refracts it more; ſo boiling water, which 
has emitted a great quantity of air, occaſions a 
greater refraction than cold water, and the re- 
fraction of oil is but little different from that of 
glaſs, by reaſon it only contains little air, as we 
find by putting it in vacuo tis true . of 
wine in thoſe circumſtances bubbles extremely, 
and conſequently ſeems to contain a deal of air, 
yet its refraction is equal to that of oil; but this 
ebullition is of no continuance, and the air which 
ariſes from it all at once is but ſmall in quantity. 
To eſtabliſh this ſyſtem of M. Carre, a greater 
number of experiments ſhould be made upon the 
magnitude of refraction, in reſpect of the weight 
and the quantity of air contained in fluids, and 
the denſity of ſolid bodies which are tranſparent. 
In the mean time it is ſome prejudice in behalf of 
this opinion, that a muſket-ball ſhot off lightly 
upon the water, ſeems to be refracted from the 
perpendicular ; now *tis certain, that water being 
more difficult to divide, makes more reſiſtance 
to the motion of the ball than air does; if it like- 
wiſe made more reſiſtances to the motion of a 
ray, 
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ray, this too would be refracted from the 
pendiculan; whereas it 1s —_ refracted towards it. * | 


III. Of the tarantula, and the cure of its. 
bite by mufick, tranſlated by Mr. Cham bers. | 


M. Geoff roy, being returned from a Journey to 
Italy, has ſhewn the academy ſome dead taran- 
—. 'he brought with him. The tarantula is a 
large ſpider, with eight eyes and as many legs 3 
but what is moſt ſingular in it, are two horns or 
trunks, which it is continually moving, eſpeci- 
ally when in ſearch of food ; whence M. Geof- 
froy conjectures them to be movable noſtrils 
The tarantula is not only found about 7 aren- 
tum, from whence its name is taken, and through- 
out Apulea, but alſo in ſeveral other parts of 
Italy, and in the iſland of Corſica; only thoſe of 
Apulea are the moſt dangerous, tho* none are 
much ſo but thoſe on the plains, where the air 
is conſiderably hotter than on the mountains; 
and ſome even aſſert, that the animal i is never ve- 
nemous, except in coupling time. 
Soon after a perſon has been bitten by a ta- 
rantula, there enſues a very acute pain in the 
part, and ſome hours after a numbneſs; then he 
falls into a profound ſadneſs, reſpiration grows 
difficult, the pulſe weakens, the ſight becomes 
dim, and the eyes look wild; at length all ſenſe 
and motion are loſt, and the patient dies unleſs 
he be relieved. 

All the help phyſick affords conſiſts in a few 
operations on the wound, with the uſe of cor- 
dials and ſudorifficks ; bat another much ſurer 
and more efficacious remedy, which reaſoning 
and art would never have attained to, as bring 
accidentally diſcovered, viz. muſick. 
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When the perſon bitten is left without ſenſe 
and motion, a muſician tries different tunes, till 
he meets with that whoſe notes and modulation 


ſhit the patient; upon which a ſlight motion or 


tremor appears in his body. then his fingers be- 
gin to move in cadence, then. his arms, legs, and 
by degrees his whole body. til at laſt he riſes on 
his feet, - and falls a dancing, in which he con- 

tinues, ſtill increaſing both in activity and ſtrength. 

Some will even dance ſix hours together without 
reſting ; after this the perſon is put to bed, and 


When he 1s judged ſufficiently recovered from 


his firſt dance, they draw him out of bed by the 
ſame tune for a new dance. This exerciſe holds 
ſeveral days, fix or ſeven at mot, till ſuch time 
as the patient finds himſelf fatigued, and unable 
to dance any longer, which is the indication of 


his cure; for ſo long as the poiſon acts on him, 


he would dance if they would let him, without 


any diſcontinuance, till his ſtrength being utterly 


exhauſted, he ſhould die on the ſpot. When the 

atient begins to find himſelf a weary, he comes 
a little to his ſenſes, and recovers as from a pro- 
found ſleep, without remembering any thing 
of what paſt during his acceſs, not even his 


dancing. 


The patient thus G00 from his firſt cor 
is ſometimes 1ntirely cured 3 if he be not, there 
remains a black melancholly and alienation 
of mind upon him ; he ſhuns the ſight of man, 
and ſeeks for water ; and if he be not carefully 
watched, throws himſelf into the firſt river that 


falls in his way. To the other ſymptoms of this 


difeafe muſt be added an averſion for black and 

blue; and on the contrary, an affection for white, 

red, and green, | LS 
. of 
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If the perſon do not die, the fit returns at the 
year's end, much about the time when he was 
bitten; ſo that he muſt go to dancing again; 
ſome have had theſe periodical] returns for 20 
or 30 years running. 

Each patient has his peculiar and freaky 
tune; but all the airs or tunes in general are of 
very briſk meaſure. 

Thus much is atteſted by perſons of the utmoſt 
veracity ; and was alſo confirmed to the academy, 
not only by what informations M. Geoffroy could 


procure in Italy, but alſo by the letters of a Jeſuit 


of Toulon to F. Gouye, who related, that he had 
ſeen an Italian ſoldier bitten by a tarantula ns 
leveral days together. 

To facts ſo very extraordinary, tis no won- 
der if a few fables be added ; ſuch, for inſtance, 
as this, that the patient is only affected ſo long 
as the tarantula that bit him is alive; and that 
the tarantula itfelf dances ro the ſame tune. 

Tis not unreaſonable to ſuppoſe with M. Geof- 
froy, that the poiſon of the tarantula may occa- 
fion an extraordinary tenſion of the nerves, 
much greater than is ſuited to their reſpective 
functions, and hence the loſs of memory and 
motion; but at the ſame time, this tenſion being 
equal to that of ſome ffrings of an inſtrument, 
puts the nerves in motion to a certain tone, and 
obliges them to vibrate when ſtruck by the un- 
dulations peculiar to that tone ; and hence the 
cure by muſick ; for motion being thus reſtored 
to the nerves, by a proper mode, the ſpirits are 
recalled, which before had almoſt intirely aban- 
doned them. 

It may perhaps be added, with ſome proba- 
bility, and pretty much on the ſame principles, 


if the patient's averſion for certain colours ariſes 
82 


4 
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from this, that the tenſion of his nerves, even 
out of the acceſs, being ſtill different from its 
natural ſtate, the vibrations thoſe colours occaſion 
in the fibres of the brain, are too contrary to 
their diſpoſition, and make a kind of diſſonance 
therein, which is pain. 


IV. Of a very valuable loadſtone. 


M. Carré read a letter written from Holland, 
wherein mention was made of a loadſtone, which 
weighs 11 ounces, and lifts 28 pounds of iron, 
that is above 40 times its own N They aſk 
* livres for it. 


V. Of a pyramid of falf formed in a nf 
: tallifation, 


M. Homberg ſhewed a little pyramid of falt, 
which had formed itſelf in a cryſtalliſation. It 
was not very high in proportion to its baſe ; it was 
hollow within, and in forming itſelf, had its baſe 
turned upwards, M. Homberg explained the fact 
thus. At firſt, there was formed on the ſurface 
of the ſalted water a little cube of ſalt, which is 
the figure naturally affected by ſalt. This cube, 
tho? heavier than the ſalted water, did not ſink, 
any more than a needle would do, if laid on 
gently, and for the ſame reaſon; for when a 
needle is thus laid on the water, there is a little 
hollow formed about it, filled only with air, where 
it 1s, as it were, in a little boat, becauſe the bulk 
of the little hollow, and of the needle together, is 
lighter than a like bulk of water. There was 
formed a like hollow about the cube of ſalt, 
which plunged a little in the water without ſink- 
ing; ſo that its upper ſurface being not ſo high _ 

| | | * 


e 
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as that of the water, it continued dry, Along the 
four ſides of this dry ſurface, other cubes of ſalt 
were cryſtalliſed, which began by forming a lit- 
tle hollow ſquare, of which the firſt cube formed 
the baſe. All theſe little cubes together, being 
heavier than the firſt ſingle one, and being en- 
compaſſed with leſs air in proportion, becauſe 
they joined the firſt by their inner ſides, plunged 
a little more in the water, that is, to the upper 
ſurface of the little cubes which touched the firſt. 
About theſe, other cubes were cryſtalliſed, which 
plunged ſtill deeper in the water. This conti- 
nuing for ſome time, as the hollow ſquare grew 
bigger, ſo it plunged more and more, and formed 
the inverted pyramid, which growing at laſt too 
heavy, precipitated itſelf down to the bottom of 
the wane where it left increaſing. 


VI. 07 a woman delivered of four chi Idren 


at a birth. 


M. Lemery has related, that on the 19th of 
June, a young woman of Lyons, aged 23, at her 
firſt lying in, at the end of 7 months, was de- 
livered of 3 boys and 1 girl, all of them 14 in 
ches and fix lines in length, and they lived long 
enough to be baptiſed. | 


VII. of the tides on the coaff f Bretagne 
and Normandy. 


M. Carre had a queſtion ſent him from Bras 
tagne, why on the N. coaſt of that province the 
tides continually increaſe from Breſt to St. Malo, 
where they are ſo high at the new and full moons, 
as to riſe 60 and 80 feet; and why from $1, Malo 

| they 
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they continually diminiſh along the coaſts of Mere 
mandy? 
M. Carrt anſwered this queſtion by the figure 

only of the coaſts and ſtraits. The tide, which 
from the great extent of the Atlantic ocean, ſpreads 
itſelf on the N. coaſt of Bretagne, meets at the 
ſame time the outlet of la Manche, which is a 
much narrower ſpace than that from which it 
comes. It muſt ſwell therefore at the entrance of 
this channel, and take in height what the channel 
wants in breadth, to contain the water that it 
brings. The channel 1s afterwards more con- 
tracted, and conſequently the water riſes ſtil] 
more. The town of Sf. Malo is ſituated in a fort 
of returning angle, formed by the coaſt of Bre- 
tagne and Normandy, the tide is obliged to take 
the ſame direction with the N. coaſt of Bretagne, 
that is, a S. W. direction; having this courſe, it 
ewes directly againſt the Engliſh coaſt of Corn- 
wall ; whence it is ſtrongly beat back exactly to 
the corner where S.. Mai, is. There the waters 
being retained, and in a manner ſhut up, muſt. 
neceſſarily rife. But beyond St. Malo the tide muſt 
find more liberty in its courſe along the coaſts of 
Nor manay. . 


VIII. Of the making of allum. 


M. Geoffrey informed himſelf exactly in Italy 
of the manner of making roch allum at Civita 
leccbia. There are near that city ſome quarries 
of a greyiſh or reddiſh ſtone, pretty hard, and 
like the Travertin. They calcine it in ovens, 
ard then difioive the lime in water over a great 
fire, the water gets all the ſalt out of it, and this 
{alt is allum; there ſeparates an uſeleſs earth from 
it, and at laſt they leave this water to reſt im- 

* 
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pregnated with a ſalt, which for ſo:ne days cryſ- 
talliſes of itſelf, as tartar does about the caſks, : 
and makes what is called roch allum. This is 
only a general account of the operation; but M. 
Geoffroy relates all the particulars. 
um is made alfo at Solfatarà near Nl 

in the kingdom of Naples. Solfatara was for- 
merly a burning mountain, of which there now 
remains nothing but ruins, and a crown or cinc- 
ture of white, yellowiſh, dry, half burnt and 
calcined rocks, from which there comes out a very 
thick ſmoak in ſeveral places. The tradition of 
the country is, that the earth between theſe rocks, 
which made the top of the mountain, ſunk down 
to a certain height. They go up over burning 
rocks to go down again into a little .low plain, 
' which muſt have been the top. It is almoſt oval, 
1246 feet long in its greateſt extent, and 1000 
feet broad. The ſoil of this plain is a yellow and 
white ſubſtance, very ſalt, and ſo hot in ſome 
places, that-one cannot hold ones hand long upon 
it. In ſummer, there ariſes on the fee of this 
earth a ſalt flower or duſt, which they need only 
ſweep, and ſhove into ſome pits of water, which - 
are at the bottom of the plain; after which, to 
_ evaporate this water, being well loaded with falt 
and purified from the earth, there needs no other 
fire than that which burns under the mountain ; 
the water is put into cauldrons funk into the 
ground, without any other trouble. This allum 
is not ſo much eſteemed as that of Civita Vecchia. 
They make ſulphur alſo at Solfatara, and thence 
the place has obtained its name, 

M. Geoffroy, to .render his hiſtory of allum 
more complete, has added the manner of making 


it in England, in Yorkſhire and LR and 


allo in Sweden. 


1 
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It appears by all the preparations of al lum, 


that the ſame mine which affords it, does alſo, 


or may at leaſt afford ſulphur, nitre, and vitriol. 
Perhaps theſe different minerals are at the bottom 
only one principle, diſguiſed' under theſe four 
falts, according as it has been mixed by nature 
with certain ſubſtances, or according as it has 
been managed by men. M. Geoffroy thinks, that 
the Engliſh and Swediſh allums may partake more 
of vitriol, and the Italian of ſea ſalt, which may 
. cauſe a variation in ſome nice operations, or 
change the effect of ſome medicines, which re- 
12 a great exactneſs, Reg | 


IX. Mierofeep cal 9 ons on a ; cheeſe | 


mite. 


N. Sauveur imparted to the company a fact 

that M. Forger had writ to him from Breſt. M. 
Mollard, chief engineer, had ſhut up in a little 
common microſcope a cheeſe-mite to ſee what 
would become of it. This worm lived above ſeven 
months without taking any nouriſhment, unleſs 
the little air, which was in the microſcope, ſupplied 
it with any. It always moved ſenſibly, chiefly 
when it was expoſed to the ſun 3 then it turned 
and agitated itſelf a hundred different ways. At 
laſt it died, and from day to day, from white, 
it became red. This little carcaſs dried like a 
chryſalis of à ſilk worm, and at the end of 12 
days, there came out of it a fly as big as the 
worm. It was not at all made like the common 
flies, but a little longer, and of the figure of thoſe 
which we "roy about neceſſary houſes. 
It never took any nouriſhment, unleſs it was that 
of the chryſalis which it came out of. It died 
at 
2 


at the end of ten days, and akerward dried —_ 
waſted, 2 1. 


X. Of i be litten, 1 ee fron the L 


head to the navel, 


M. Mery * to the company two kittens, 


which were united in the belly of their mother 


They were joined from the head to the navel, and 


made in all this extent but one ſingle body; but in 
all the reſt, they were two very diſtinet, and well 
ſeparated. We ſhall not enter into a more parti- 
cular detail of this monſter; it is eaſy to imagine in 
general, that two ova, or if they are not admitted 
to be ova, two little fe1us's in their firſt formation, 
finding - themſelves of equal ſtrength, and alſo 
meeting too near in the uterus, may faſten and 
ſtick together, after which the liquors that oughe 
to nouriſh and ſtrengthen them, being become 
common to them, they intirely quit, in one or 


other, certain courſes in which they would flow 
with difficulty, which. abſolutely . makes certain 


parts in one of the fetus's. perifh, and renders 
them ſingle for both, while theſe liquors flowing 


in the other parts of the two fztus's with equal 


eaſe, keeps them always double. The meeting 
of the 2 fœtus's is only chance, and from certain 
directions of the veſſel more or leſs favourable to 
the courſe of the liquors, which makes them quit 
certain ways, and always follow others; and as 
this chance is ſuſceptible of an infinity of diffe- 
rent combinations, the double. e are infi- 
nie cr. 

M. Mery's two 1 are in end ref] pect 
more worthy of the attention and ſurprize of 
philoſophers. They had but one oeſophagus. and 
one trachea ; but theſe two canals were joined in 


Vol. I. Ne. 9. * ſuch 
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ſuch a manner, that they made but one, and this 
ſingle canal had no communication but with the 
ſtomach, and no ways with the lungs, and conſe- 
quently was only one ſimple oeſophagus. The 
monſter could not therefore take in any air; and 
yet it lived about an hour after being out of the 


mother's belly. 


X I. On an ancient communication of the Me e- 


diterranean with the Red-ſea. 5 


M. le Comte de Pontchartrain, making uſe of 
bis authority to aſſiſt the progreſs of the ſciences, 
had ſent into Egypt ſome memoirs made by M. 
Deliſſe, which pointed out what was to be wiſhed, 
in order to rectify the map of that country. Theſe 
memoirs were accompanied with very ſtrong re- 
commendations to the conſuls and vice-confuls. 
It was in the execution of theſe orders of M. de 
Pontchartrain, that M. Boutier travelled over the 
whole Delta, and ſent to that miniſter a map of 
it, with a little account which explained it. M. 
Delifle, to whom M. le Comte de Pontchartrain 
had done the honour to ſend the whole, ſpake of 
it to the academy. 

The modern Egypt is but little known, altho? 
ſufficiently near and frequented ; and we may 
reckon, that it is the ſame with all countries, 
where the inhabitants are in ignorance, and where 
learned ſtrangers ſeldom travel, at leaſt to make 


obſervations. Altho* M. Soutier has not tra- 


velled over the Lower Egypt, ſo much as it would 
be neceſſary, he has nevertheleſs, in M. Deliſſe's 
account, conſiderably reftored the map, which 


was very much disfigured. He begins witf con- 


ſidering the Delta of the ancients, thoſe mouths 


which . have aſcribed to the Nite, the greateft 
part 
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part of which had been loſt by the ignorance of 
the modern geographers, a great number of 


towns, whole names are not yet much altered; for 


example, Samanuout, or according to the Coptes, 
Sebennetu, which is the ancient Sebennitus, Ab- 


boutfier, „or Butfir, which is Bufiris, &c. Bur 


what is moſt remarkable in this map, is an ex- 
tremity of a canal, which goes out of the moſt 


eaſtern arm of the Nile, and which M. Deliſſe 


judges to have been a part of that which formerly 
made the communication of the Nils and the 
Mediterranean with the Red. ſea. | 

As this ancient communication, which M. De- 
life eftabliſhed for an indubitable fact, is unknown 
at this time, even by many of the learned, we 
were glad to ſee the proofs which he had of it ; 3 
he gave them fo plainly, and took the greateſt 
part of them in places ſo well known, that all 
the difficulty that remains is, to know how they 
have eſcaped the obſervation of every body. 

Herodotus, in his ſecond book, ſays, there was 
in the plain of Egypt, a canal drawn from the 
Nile, a little above the town of Bubaſte, and 
below a mountain, which went on the ſide of 
Memphis, that this canal was extended very far 
from Weſt to Eaſt, that afterwards it turned to 
the South, and flowed into the Redefſea ; that 
Nechus, fon of Pſammiticus, was the firſt that 
undertook this work, where 120,000 men had 
periſhed, that they had quitted it upon the an- 
ſwer of an oracle; but that Darius, ſon of Hy, 
taſpes, had finiſhed it ; that it was four days na- 
vigation ? and that two gallies might paſs abreaft 
. 
Diodorus ſpeaks of it in the firſt book of his 
Bibliotbeca, and agrees with Herodotus, except 
in this, that he makes the canal to be left unfi- 
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-niſhed by Darius, to whom very bad engineers 
had repreſented, that the Red: ſea, being higher 


than Egypt, would overflow it; and in this, that 
he does not make the work to be finiſhed but by 


Ptolomæus Philadelpbus. He adds, that this 


canal had been called the river of Ptolomy, that 
this prince had cauſed a town to be built at its 
outlet into the Red. ſea, which he had named Ar- 
inoe, from one of his ſiſters that he loved, and 
that the canal might be opened or ſhut, according 
as it was neceſſary for navigation. 

Strabo, lib. 17. of his geography, agrees with 


Diodorus, in every thing, it only remains to 


reconcile Herodotus, who makes the work to 
be finiſhed by Darius, with Strabo and Dio- 
dorus, who give that honour only to Prolomy ; 
but there might happen to a work of this nature, 
as ſoon as it was finiſhed, an infinite number of 
inconveniencies, which rendered it uſeleſs, till A 
new work was made. 

At the point of the — ieh they hive | 
called the Red. ſea, were two cities, .Heroopolis 
and Arſinoe, which, according to Strabo, was 


alſo named by ſome Cleopatris. Beſides Strabo, 


ſpeaking of the expedition made into Arabia by 


Alius Gallus, the firſt Roman governour of 


Egypt, fays, that Gallus cauſed veſſels to be built 
at Cleopatris, near an ancient canal derived from 


the Nile. In another place; he fays alſo, that 


 Heroopolis was upon the * and at the extre- 


mity of the Red. ſea. 
After this, we may paſs over - ſome other autho- 


dare which were alſo related by M. Deliſie. E- 


very body knows the deſign that ſome princes 
had of making this communication; every body 
knows, that it was croſſed by the chimerical fear 
of * inundation of the * 3 and as if the 
greateſt 
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8 * part of readers had been ſtruck with the 
ſame fear, they have not ſeen in authors the 1 in- 
tire execution of the canal. 

M. Deliſie has carried his i inquiries even to thy 
Arabian authors. Elmacin, lib. 1. cap. 3. ſays, 
that under the Caliph Omar, toward the year 
635 of the chriſtian æra, Amr cauſed a canal to 
be made to tranſport. the corn from Egypt into 
Arabia; probably he only renewed the old one, 
the navigation of which might eaſily have been 
negle&ed in the decline of the Roman empire. 
But in the year 150 of the Hegira, which agrees 
with the year 775 of Chriſt, Abugiafar Alman- 
Zor, 2d caliph of the Abbaſſides, cauſed this canal 

to be ſtopped on the fide of the ſea. If ever this 
union 8 be renewed, the world would change 
its face; China and France, for example, would 
become neighbours, and our poſterity would la- 

ment the fate of the barbarous ages, when the 
Europeans were obliged to 8⁰ round Africa to 
get into 4 a. 


* 


XII. Of the manner of _ moulds 
for hyperbolical glaſfes, and, Cha . all 


conotds i in 8 


The rays coming from a diſtant point, as the 
centre of. the ſun, and for this reaſon. thought to be 
parallel, having paſſed through a glaſs, which is 
a portion of a ſphere, do not reunite at all in a 
ſingle point. Their foci, have ſa much more ex- 
tent as the glaſſes are portions of greater ſpheres, 
and as they are greater portions of them. 

It would not be the ſame with glaſſes, that 
ſhould be portions of ſolids, either Wen ellip- 
tical or hyperbolical, provided nevertheleſs that 
the ellipſes or od of which theſe — : 

5 ould 
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ſhould be formed, had a certain condition, that 
is, that the ratio of the great axis of the ellipſis 
to the diſtance of its foci, or the ratio of the diſ- 
tance of the two foci of the hyperbola to its deter- 
mined diameter, was the ſame with the conſtant 
ratio of the Me of incidence of a ray upon the 
ſur face of the glaſs, to its ſine of refraction in the 
laſs. Then the rays of a diſtant point, which 
paſſed through the elliptical or hyperbolical 
glaſs, would gather together in a ſingle point, 
which would be one of the fact of the ellipſis, or 
of the hyperbola. 

This conſiderable advantage 6f reuniting into 
a fingle point the rays from a ſingle point, has 
made M. Deſcartes prefer the ellipſes and hyper- 
bolas to circles, and other particular reaſons have 
made him prefer the hyperbolas to the ellipſes, 
He had even given the defign of a machine for 
ſhaping glaſſes into hyperbolas; but it did not 
appear convenient for practice, and we have con- 
tented ourſelves with ſpherical glaſſes, of which 
we only take ſuch a portion as reunites more rays 
in the ſame ſpace than any other portion, and re- 
unites them in a ſpace ſo ſmall, as not to be ſen- 
fibly more than one point. It is partly for this 
reaſon, that in the uſe of the great teleſcopes, 
we do not leave the ſurface of the object-glaſs en- 
tirely uncovered ; we had rather receive fewer 
rays from the 3 point, and have them more 
exactly reunited. In the hyperbolical figure, a 
greater ſurface will not reunite the rays leſs — 
into a ſingle point, than a leſs ſurface, and conſe- 
quently we ſhall have at the fame time a perfect 
reunion, and as great a light as we pleaſe. 

But it is well to obſerve, that the hyperbola 
would reunite in one point, only the rays from 
the ſingle point of the object, which would be in 

| - its 
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its axis, and that all the rays from all the other 


points of the ſame object, would be fo much leſs 
exactly reunited, as theſe points would be diſtant 
from the axis. On the contrary, circles which 
do not reunite exactly into a point the rays which 
come from any point of the object, reunite inta 
an equal extent, and exactly in the ſame manner 
the rays which come from all the different points 
of the object, and conſequently the image of the 
object formed by the hyperbola, will be moſt. 
lively and moſt perfect in the middle point; but 
in the other points it will be ſo confuſed, that it 
will not perhaps be any more an image, whereas 
thoſe which are formed by the circles, lefs lively 
and leſs perfect in the middle, are at leaſt equal 
in all their parts. Thus the ſpherical glaſſes are 
probably beft for ſight, but the hyperbolical ones 
would have the advantage in burning; for one 
ſingle point is ſufficient for this effect. | 

However, as M. Deſcartes was deſirous to ap- 
ply hyperbolical glaſſes to teleſcopes, and as the 
hyperbola has at leaſt the advantage in burning, 
M. Parent was not willing to leave the proper- 
ties of this figure uſeleſs, and thought of a way 
of bringing them into practice. In the firſt 
place, there muſt be hyperbolical moulds, ſome 
convex and other concave, againſt which the 
pieces of glaſs muſt be ground, which will take 
one of theſe figures. | . 

But firſt, it is not eaſy to ſhape theſe moulds int 


hyperbolas at one ſingle ſtroke; for if this figure is 


given them only by trying, and placing one point 
after another, we ſnould make a work not very ex- 


act, but uneven and irregularly cyrved. 2. As we 


are accuſtomed to hyperbolas, of which the de- 
termined diameter has to the diſtance of the focz, 
the ratio of the ſines of refraction to thoſe af in- 

cidence, 
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cidence, the moulds muſt be made ſo, that the 
conſtruction may preſerve this proportion with 
extreme exactneſs. 3. We muſt take care, that 
the figure of the moulds do not alter by the ſame 
motion, and by the friction which we uſe to grind 
the glaſſes, which ſhall be applied to them. 

M. Parent has ſhewn what method he took to 
overcome theſe difficulties, he has alſo done more 
than his deſign obliged him to do, he has found 
a practice for turning upon the common turn, 
and without a model, all ſorts of conoids, that is 
of ſolids, formed by the revolution of ſome conic 
ſect ion about an axis, which embraces the hyper- 
bolical mould as a ſort of ſpecies. But without 
taking the round of the general method, that 
vhich is for the hyperbolical moulds in particular 
is reduced to holding againſt the ſurface of the 
mould a ſolid rule, which makes with the axis an 
angle of which the tangent is to the whole ſine, 
as the great axis of the „ on ee is to ee 


fmall ones. 


XIII. Of the reda&tn on 75 the n motions , of ar ani- 
mals, to the laws of mechant cks, \ranflated | 
: by Mr. Chambers. : 1 | 
The Gm laws reign every were. The works 
of nature turn on the ſame. principles as thoſe of 
art ; and when I barely lift up my arm, there is 
a x power raiſing a weight by means of a lever. 
This mechaniſm, tho? concealed from the eyes, 
and rendered ſtill mòre inſenſible by the facility of 
natural motions, is not the leſs real. When my: 
arm, or rather that part thereof between the el 
bow and the wriſt, having before been pendant, 
comes to be raiſed on high, it moves circularly 


about the elbow, or rather about a point to be 
ö 2 Conceived 
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conceived in the centre of the articulation of the 
upper joint of the arm with the lower. This 
motion is effected by means of a muſcle ariſing 
' out of the former, inſerted into the latter; which 
ſwelling, and conſequently ſhortning, raiſes up 
the arm, and thus overcomes not only the weight 
of the arm, but that of the hand likewiſe, which 
we compute at 6 1h, _ | 

If the arm and hand were a mere right line, 
they would only make a lever, whoſe fixed point 
might be ſuppoſed in the centre of the elbow : 
but as they have a ſenſible bulk or thickneſs, they 
are at the ſame time a. weight to be ſuſtained. 

On this ſuppoſition, if their weight or thick- 
neſs be every where equal, their centre of gra- 
vity will be in the middle of their bulk, that is 
about 8 inches diſtance from the elbow : ſo that 
here we are to conſider a weight of 6 pounds, 
ſuſpended at 8 inches diſtance from the fixed 

oint. _—- 

If the muſcle that acts be fixed to the arm an 
inch below the elbow, and pull perpendicularly 
_ upwards, while the weight draws perpendicularly 
downwards, the power is only one inch diſtant 
from the fixed point, while the weight 1s diſtant 
8 inches. And as this weight is 6 /5. the power 
muſt be 48 15. to ſuſtain it, and more to raile it. 

But the power does not pull perpendicularly. 
The muſcle is fixed very obliquely to the arm, 
and conſequently retains the ſame obliquity of 
direction when it acts; and as the diſtance of a 
power from the fixed point is meaſured by a per- 
pendicular, drawn from the fixed point to the di- 
reftion of the power; and this perpendicular is 
ſo much ſhorter, as the direction is more ob- 
lique; the ſtrength of the muſcle will be required 
conſiderably to exceed 48 4. If the perpendicu- 

Vor. I. Uu lar, 
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lar, drawn from the fixed point to the direction, 
be only equal to 4 the diſtance from the inſertion, 
that is, be only + an inch, the force muſt be 
96 1b, Who would imagine, that. in only lifting 
up the arm, we employ a force of 96 45. 05 

What ſur prizes moſt is, that nature, notwith- 
ſtanding her uſual oeconomy, which never fails £6 
take all poſſible advantages, ſhould here, contrary 
to the rules of mechanicks, place the power be- 
tween the fixed point and the weight ; and thus 
make it draw obliquely : which gives it the ut- 
moſt diſadvantages, and obliges it to be. incom- 
parably greater than the weight. — Which ſame 
ſuppoſition being that moſt uſually in muſcles. 
would almoſt ſeem at firſt ſight, that the ſove- 
reign wiſdom had here forgot itſelf. _ „ 

But let it be conſidered, that a ſmall power 
applied advantageouſly to a lever to raiſe a great 
weight, muſt have a great velocity, and "paſs 
over a deal of ſpace, while the weight only raiſed 
a little and ſlowly. On the contrary, a great 
power applied to its lever diſadvantageouſly, and 
having only a ſmall weight to ſuſtain, travels over 
a ſmall ſpace, while the weight travels a deal. 

If now a large bell, for inſtance, be to be 
raiſed to the top of a ſteeple, tis enough gene- 
rally it be raiſed thither, nor matters it much in 
what time. And as any powers we have to uſe are 
ſmall and inconſiderable, compared to the large- 
neſs of the weight, *tis a fine advantage to have 
the bell riſe me 20 or 30 fathom in a day, 
while e. g. the men who raiſe it travel perhaps ſome 
leagues. But if my hand, conſiderered as a weight, 
be to move for ſome office uſeful or neceſſary for 
the preſervation of life; the great buſineſs uſually 
is to have it move quickly not to ſpare ſtrength; 


which conſiſting in the contraction of a muſcle, 
and 
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and the quantity of ſpirits that ſwell it, is always 
greater than needs for the ordinary motions. * 


*Tis true, nature might have given the ſame 


velocity to the weight, by having the muſcle faſ- 
tened at the ſame diſtance from the fixed point; 
and yet have ſaved ſomething in the ſtrength of 
the muſcle, by giving it a perpendicular direc- 
tion. But *cis clear, that in this direction, it would 
have required a deal more room, than when 
| couched or laid, as it now is, along the bone it 
is to pull. Now an animal being an aſſemblage 
of an infinite number of different machines, the 
ſaving of room is a very material conſideration. 
Beſides, the ſtrength of a muſcle depends on 
the quantity of ſpirits, whereby it is put in con- 
traction, ſo that the advantageous direction of a 
mulcle, could in reality have only ſerved to fave 
ſomething in the quantity of ſpiritss Now a 
great quantity of this juice was indiſpenſibly ne- 
ceſſary on other accounts, particularly for the 
offices of ſenſation ; ſo that the excels of ſtrength 
is provided for without any particular expence. 
From the whole, it appears, that tho' the me- 
chaniſm of animal motion departs ſomewhat from 
the common mechanicks, in reſpect of the poſi- 
tion of the moving power, yet it 1s finally redu- 
cible to the ſame laws: and the ſtrength of a 
muſcle rnay be exactly computed, provided we 


know the weight 1 it is able to ſuſtain, the fixed 


point on which it moves, and the diviſion where- 
in it .. 

Now the weight a muſcle ſuſtains, is either the 
mere weight of the part it draws, or that weight 
with ſome foreign load ſuperadded thereto. 
Thus by the weizht ſuſtained by the muſcle, 
which bends the arm, we either mean the natural 
weight of the hand, and the firft joint of the 

Un arm ; 
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arm; or beſide this weight, the greateſt foreign 
weight which can be bore in that action. And 
take which way you will, *tis experiment only, 
tho an experiment eaſy made, that muſt deter- 
mine what this weight is. | 
But there is ſome difficulty in finding the fixed 
points, and directions. The mechaniſm of theſe 
| motions is ſo complicated, that the application of 
rules thereto become very precarious, or at 
leaſt difficult; the intelligence which directed 
' theſe works, not having confined itſelf to thoſe 
ſimple caſes, which we are accuſtomed to. 
The celebrated Borelli was the firſt that engaged 
in enquiries of this Kind, in his treatiſe De Mo- 
tibus Auimalium; a work truly laudible, both 
for the merit of being the firſt, and for the many 
curious truths diſcovered therein. Yet M. Pa- 
rent hath ventured to charge it with want of exact- 
neſs in certain points, and even gives us a new 
general theory, whereby a further degree of light 
is brought into the whole matter ; a little ſketch 
whereof we here ſubjoin. 
When the concave end of one bone, receives 
the convex end of another, and this ſecond being 
pulled by a muſcle, moves upon the firſt, if their 

figures be ſuch, that during the whole motion the 
ſecond or ly bears upon the firſt by a ſingle point: 
it is evident, that in caſe of an equilibrium produ- 
ced by an equality of two oppoſite powers, their 
common direction would pals through this point, 

which therefore is the fixed point. And it is evi- 
dent withal, that in the motion of the bone, this 
point 1s continually charging place, which is one 
of the peculiarities of theſe mechanicks. 

If the concavity and convexity of the two 
bones were perfectly ſpherical and concentrical, 
they would touch in al their points; and yet 

N 


$ 
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< we ſpeaking, the two ſurfaces would reſt or 


ear on each other only in one point of their cir- 
cumferences, which point would be the ſame, as 
if, having been neither ſpherical nor concentrical, 
they were rendered ſo in ſome inſtant of their 
motion, -it being viſible, that this would make 
no alteration in the point of ſupport. Accord- 
ingly, tho' the common centre of two concentric 
ſpheres, be really immovable, during their mo- 
tion, it is not properly and abſolutely the point 
of ſupport, but that which is a point of the circum- 
ference, which is continually ſhifting every mo- 
ment of motion. Tis therefore from this point 
that we are to meaſure the diſtances of the muſcle, 
and of the weight which pull againſt each other. 
Tis true, in meaſuring them from the common 


centre of the 2 ſpheres, as Bo#elli has done, we 


come at the ſame concluſion, by reaſon this com- 
mon or compound direction does alſo paſs thro? 
the centre: but this is only by accident, which 
would not obtain in other figures : and it is neceſ- 


ſary to know preciſely and univerſally where the 


real point of ſupport is found. 
This being had, the directions of the weight 
and the muſcle muſt likewiſe be found, in order 
to draw perpendiculars to the ſame from the point 
of ſupport — As to the weight, its direction 
of courſe is the vertical line, whereby it tends 
downwards. But the muſcle being frequently tra- 
verſed by other muſcles, its direction in ſuch caſes 
is compounded of its own, and that of the others, 
ſuppoſing them to act at the ſame time. How- 
ever, as they terminate 1n the ſame tendon, which 
is their common cord whereby they pull ; this 
tendon naturally repreſents their compound di- 
rection, which therefore is eaſily found. 


* 
— 2 _ = 
8 * * 28 
g - Fu ag 
CS, EERTY 


— 4 — . 3 bio 4.05 hoes on 
ede * 3 Pals 2 * 
R—— —— ˙·— e e 


Tü 


* 
* 
„ —U—[— — 
- be 
A t * 


— — - — — 
de 8 <P 
* prone _ 8 22 
n 1 * = ar 4 > 
5 * 1 4 o 2 2 — — 4 3 ma we * * 


Sg 


2 1 1 
— * 4 — 
—— — 

ance ITS TMK » ey I 


. 
- 1 2 


We 3 


eee 


—— 
2 * <8 - a 
a x "_ - 
2 * L ; 
= 2 — SI S$_A 16 4 


342 The HisTory and MxNMHO IRS of the 

Thus much only regards the ſimple articulations, | 
that is where only two bonesare joined together to 
perform ſome motion. When there are ſeveral bones, 
as for inſtance, the vertebræ of the ſpina dorſi, 
which conſpire to bend the back inwards, the ar- 
ticulation is compounded : and the application of 
the rules may be ſaid to be ſo likewiſe, tho? at 
bottom they amount to the ſame. When the 
back is bent, we may ſuppoſe that too contiguous 

vertebre, which before touched in the whole ſur- 
face of one of their ſides, begin to ſeparate or 
open outwards, and continue to widen further and 
further, as their diſpoſition will admit; and dur- 
ing ſuch motion, only touch by a ſingle line which 
remains common to them in their baſe, in the 
middle of which is the fixed point. 

But in fact, the caſe is not ſo ſimple. The 
bones which move by withdrawing them before 
Contiguous ſurfaces, leave no vacancy between 
them. They are bound together by cartilages, 
which may be conceived as adhering, on both 
ſides; to their whole ſurface. Theſe cartilages, 
being dilatable and compreſſible, neceſſarily di- 
late as the bones tend to divaricate. And for as 
much as this dilatation requires a certain force, 
the muſcle which produces the whole motion, 

muſt have this over and above what 1s required 
merely to raiſe the weight, 

To eſtimate the power neceſſary to dilate the 
cartilage, M. Parent is obliged to conſider the re- 
ſiſtance which the cartilage makes to a dilatation, 
as a power applied at a certain diſtance from 
the fixed point, and pulling againſt the muſcle. 
And by reaton the dilatation is greater in different 

arts of the ſame cartilage, in proportion as they 
are farther diſtant from the fixed point; the di- 


lar ation may be conſidered as velocities, and be 
1 | taken 
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taken for the point where the whole force is uni- 


ted; which would be the centre of Agitation of 


the plane of the cartilag 
If two or more bones be fo diſpoſed, that upon 
opening them, or their upper ſide, they approach 


on the lower ; and of conſequence dilate one half 


the cartilage, which binds them, and compreſs the 
other ; the fixed point will be in the middle of 
the cartilage : and the points whereon the reſi- 
ſtances of the cartilages both to their being com- 
preſſed and dilated unite, would be found in each 


of their halves, after the ſame manner as the point 


of union of a ſingle reſiſtance would have been in 
the whole. 

A compound articulation having ſeveral fixed 
points, there muſt be the ſame number of per- 


pendiculars drawn from each, both to the di- 


rection of the weight, the direction of the muſcles 
whether ſimple or compound, and thoſe of the 
cartilages. 

M. Parent divides the compound articulations 
into conſecrative, where all the motions tend the 
ſame way, alternate, where they are by turns diffe- 
rent ways: Theſe laſt motions are eaſily reduced 
to the laws of the firſt. 

From this theory may the ſtrength of that pro- 
digious number of machines, which are played 
either ſeparately or together in the body of an 
animal, be computed, and the relation of one to 
another, either preciſely or pretty nearly, be 


found. If we could but likewiſe enter into all 


the views which required ſuch different relations 
of powers, and the advantages ariſing from them, 
wahat intelligence would not be confounded there- 
with? 
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XIV. oO the ane of bollow and fa 
|  cylingers. © 


If this queſtion was propoſed, which of two 
ſticks equal in length, and cylindrical, is the 
eaſieſt to break upon the knee, that which-is en- 
tirely ſolid, or that which is hollow, having the 
ſame quantity of matter with the other, moſt 

ople would not hefitate at all to decide that the 
hollow ſtick would be the eaſieſt to break. | 

Nevertheleſs it is quite the contrary, as ſoon as 
we conſult the principles of mechanicks. When 
we reſt a ſtick upon the knee to break it, we reſt 


it by ſome one of its points, and it is the point 


diametrically oppoſite, which will take a circular 
motion about the point of ſupport, while the 
fracture 1s made. Here then is a lever, and this 
point which moves circularly, deſcribes an arch 
ſo much the greater, as it. is farther diſtant from 
the point of ſupport, or from the fixed point, 
and conſequently it has ſo much more force to 
reſiſt the power, which tends to make the frac- 
ture. A thicker cylinder full is then more dif- 
ficult to break, not only becauſe it contains more 
matter, upon which we muſt act, but alſo becauſe 
the diameter of its baſe is greater, and the extre- 
mity of its diameter, which moves in the fracture, 
is farther diftant from the fixed point. If this 
cylinder preſerving the fame quantity of matter, 
became hollow, it is viſible, that its total diame- 
ter, that is, the diameter, as well of the hollow 
part, as of the ſolid, would neceſſarily increaſe, 
and conſequently allo one of the cauics, which 
made 1ts force, and its reſiſtance againſt being 
bro n. 


Every 
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| Every hollow cylinder is then ſtronger than a 
full cylinder; which has only the fame quantity 
of matter; and this, according to all appearance, 
is one of the reaſons why the bones of animals and 
the culms of corn and graſs are hollow. 
Galileo; the firſt author of theſe ſorts of in- 
quiries; has conſidered in the full and hollow cy- 
linders, having their baſes formed of the fame 
quantity of matter, only the inequality bf their 
diameters, and conſequently he has eſtabliſhed; 
that the reſiſtance of a hollow cylindet, 1s to that 
of a full cylinder, as the total diameter of the 
hollow one is to the diameter of the full one. 
But this conſideration is imperfect in this, that 
the extenſions of the fibres of which the cylinders 
are compoſed, are not taken in. Theſe exten- 
ſtons, and confequently the reſiſtances of all the 
particular fibres, continually increaſe from the 
fixed point to the moſt diſtant fibre, which muſt 
break the firſt, and which we may ſuppoſe in the 
greateſt extenſion that it can ſuffer. It is the ſum 
of all theſe unequal reſiſtances that makes the re- 
fiſtance, which all the fibres together oppoſe to 
the power, which tends to break them. 
Thus the total reſiſtance of the cylinder de- 
pends upon three things; on the quantity of 
matter that compofſes the baſe; on the reſiſtance 
that all theſe fibres together bring to their exten- 
ſion, and on the magnitude of the diameter of the 
cylinder. e „ 
There remains to determine and expreſs geo- 
metrically theſe magnitudes; and it is this that 
M. Parent has done. The circles of the baſe of 
the full cylinders muſt be made equal, to the full 
bands or zones of the hollow cylinders, and we 
muſt find the infinite ſum of the unequal re- 
Voi. . X x ſiſtances 
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ſiſtances of all the fibres, which is a particular caſe 
of the 15 eneral method of M. Varignon. 
arent being arrived to a general formula, 
which contains all the poſſible reſiſtances of hol- 
low cylinders, compared to the full, has caleula- 
ted upon this formula, a table, where he ſup- 
poſes that the total ſemi- diameter of a hollow cy- 
linder is always 100 parts; and that the reſiſtance 
of the full cylinder, which contains in its baſe as 
much matter as the other, is alſo divided into 100 
parts. We ſee by the table, 
1. That in proportion as the hollow cylinder, 
of which the radius can have but 100 parts of a 
certain. determinate magnitude, has more void, 
and conſequently leſs matter, it makes a greater 
reſiſtance than the correſpondent full cylinder. 
2. That this inequality of reſiſtance always di- 
miniſhes in proportion as the hollow cylinder is 
leſs hollow, and contains more matter that, for 
example, a cylinder, of which the void is 99 ra- 
dius, and 1 in thickneſs, and to which conſe- 
quently a full cylinder anſwers, which is only 14 
radius, has a reſiſtance, which is to that of the 
full cylinder, as 848 to 100, that 1s, as 8 27 to- 
1; and that the cylinder, which has 30 in void 
and go in thickneſs, and to which a full cylinder 
of 87 radius anſwers, has a reſiſtance, which is 
to that of the full one, only as 121 to 100. 3. 
That the hollow cylinder of 99 void, the reſiſtance 
of which, compared to that of the full one, which 
18 14 radius, would be, according to Galileo, 
7 + times greater, has one 8 25 times greater ac- 
cording to the hypotheſis of M. n, which 


18 alſo — of M. Mariolte. 


XV. 


— 
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XV. Of a machine invented by F. Sebaſtien®. : 
This machine, invented by F. Sebaſtien, was 


only made to try if the fall of bodies followed the 


proportion of Galileo; or rather to ſhew by expe- 
riment, that it did follow it ; for the machine was 
ſolely conſtructed upon this hypotheſis: it was 
formed by the revolution of a parabola about its 
axis, and the circumferences of circles of ſmall 
ſpiral planes, which were the different ſpaces run 
over by the falling bodies, repreſented the ſeries 
of uneven numbers. 

But as it is not abſolutely impoſſible to eſta- 
bliſh, or at leaſt to be willing to try ſome other 
hypotheſis than that of Galileo, upon the fall of 
bodies, M. Varignon found the thought of F. Se- 
baſtien too ingenious not to extend it to all the 
hypotheſes imaginable. 

Whatſoever hypotheſis therefore we take upon 
the fall of bodies, M. Varignon requires us to ex- 
preſs by the ordinates of a curve, the different 
velocities acquired at each inſtant, that afterward 
we cauſe this curve to make a revolution about 
its axis perpendicular to the horizon, like that 
which the parabola makes in the hypotheſis of 
Galileo; and laſtly, that round the ſolid, formed 
by this revolution, we direct from the top to 
the bottom an inclined plane, which makes always 
the ſame angle with the curve, that it always 
meets after it has formed the ſolid ; after that, he 
demonſtrates that if the hypotheſis that we have 
taken is the true one, a body that ſhall fall from 
the top of this machine, by the inclined plane, 
will make all its revolutions round the machine, 
altho* unequal, in equal times, which happened 
at leaſt ſenſibly, in that of F. Sebaſtien. 


* See pag. 30 of this abridgment. 
Xx 2 1 The 
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The- eſſential principle of this property of the 
machine is the perpetual equality of the angles of 
the inclined plane with the generating curve. 
From this equality all geometricians will very 
eaſily conclude, that all the different portions of 
the inclined plane, taken between the ſame arches 
of the ſolid, and if we may uſe the expreſſion, 
between the fame meridians, are always between 
themſelves as the ordinates of the curve which 
_ anſwers to them. Now theſe ordinates expreſs 
the acquired velocities, and the portions of the 
inclined plane are the ſpaces run over by the 
means of theſe velocities ; therefore the ſpaces are 
always as the velocities, therefore different ſpaces 
are run over in the ſame time. | | 

In F. Sebgſtienis machine, all the angles of the 
inclined plane, and of the arches of the curve, 
were very near right ones, which was ſufficient for 
the ſenfible equality of the time of the fall. 
M. Varignon eaſily found, that in his general 
machine, the length of the inclined plane will al- 
ways be to that of the general curve, as the total 
e to the ſine of the complement of the angle 


1 


of the inclined plane. 
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J. Obſervations on py ESRD of rain e 
fell at the royal obſervatory in 1701, with 
fome remarks on the thermameter and þ 
meter. By M, de la Hire *, 10 -4197 : 


HE year 1701 ſeemed exmondingry for 
the t of the ſpring; it was however 
in 1 one of the moſt rainy years that we have 
had a "_ time. For chene fell. in the manths-of 


1 17 5 41 41 85 
Jan. r July TEETH ; ob, 
n 9 . Ruge. 4 7 
Mar. 22 . 1108" $27; 
Apr. 12 Od: ag 
_ 0 - Nor. 19 4 


The ſum total is | 256 les; 7, or 21 inches 4 
lines 4. 
We find hereby that there was no rain in April, 
and that this might have rendered the year very 
unfruitful, if the earth had not been moiſtened by 
the rains of the three preceding months. For 
the ſnows which uſually fall in winter, and remain 
upon the ground in this ſeaſon, hardly penetrate 


. . 1702. 


It 
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The- eſſential principle of this property of the 
machine is the perpetual equality of the angles of 
the inclined plane with the generating curve. 
From this equality all geometricians will very 
eaſily conclude, that all the different portjons of 
the inclined plane, taken between the ſame arches 
of the ſolid, and if we may uſe the expreſſion, 
between the fame meridians, are always: between 
themſelves as the ordinates of the curve which 
anſwers to them. Now theſe ordinates expreſs 
the acquired velocities, and the portions of the 
inclined plane are the ſpaces run over by the 
means of theſe velocities z therefore the ſpaces are 
always as the velocities, therefore different ſpaces 
are run over in the ſame time. | 

In F. Sebaſtien's machine, all the angles of the 
inclined plane, and of the arches of the curve, 
were very near right ones, which was ſufficient for 
the ſenfible equality of the time of the fall. 5 
M. /arignon eaſily found, that in his general 
machine, the length of the inclined plane will al» 
ways be to that of the general curve, as the total 
ſine to the ſine of the complement of the angle 
of che inclined plane. 5 $i 
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. Obſervations on the 3 of rain which 
" fel at the royal obſervatory in 1701, with 
fome remarks on the thermameter and 
meter. By M, de la Hire K 


H E year 1701 ſeemed lin for 

the dra of the ſpring ; it was however 

in io ada one of the moſt rainy years that we have 
had a _ time. For cher fell. in the maniba af 


1 Thr arts, Lauer, 
17 4 Juy 1 n P->! 
192 Aug. 45 
22 Sept. 10 

1 Octob. 24 + 
20 4 Nov. 19 4 
38 4 Dec. 10 f 


The um total is 256 lines + + or 27 inches 4 
lines 4. 

We find h that thwu was no rain in April 
and that this might have rendered the year very 
unfruitful, if the earth had not heen moiſtened by 
the rains of the three preceding months. For 
the ſnows which uſually fall in winter, and remain 
upon the ground in this ſeaſon, hardly penetrate 
Jan. 7, 1702. : 
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it at all, and there would be need of a very great 
quantity to fupply as much water as fell in the 
three firſt months of this year; for the 5 inches 
of water of theſe months. muſt have been ſupplied 
by 2 feet + of ſnow, which would have been very 
extraordinary, without reckoning, that the great- 
eſt part of the ſnow. dries before it is melted, eſ- 
pecially in winter when the air is very dry ; and 
this is what cannot happen to the water, which 
has entered into the earth, and has penetrated ie 
Jong before. 

The three months of Tune, Fuly, and t 
| have commonly ſupplied almoſt as much water as 
all the reſt of the year ; but theſe great ſummer 
rains are quickly diſſipated by the great heat of 
the air, and by the dryneſs of the ground. 5 
The cold was not conſiderable; for it hardly 
froze. My thermometer marks the beginning of 
the froſt, when it is at 30 degrees, and it fell at 
the loweſt but to 28 +, whereas, 1n a great cold, 
ſuch as we have ſometimes in this country, it fall 
to 7 degrees, as it was in Feb. 1699. 

Towards the end of Jan. and beginning of Fb. 
1701, which was the coldeſt ſeaſon, my ther- 
mometer was often at 40 degrees, which is not 
very diſtant from the mean ſtate of the air, as I 
have found upon leaving the ſame thermometer 
at the bottom of the cave of the obſervatory for 
ſome days, where the liquor always kept at 48 
degrees. We may alſo obſerve, that on the laſt 
day of Nev. the heat was as great as on the 2 
of June. 

The heats of the mom of Fuly and FR were 
extraordinary; for the ſame thermometer roſe 
pretty often to 65 degrees, and Sept. 1. it was at 
65 degrees + at the higheſt, This thermometer 


is always expoſed to the air, but in a place much 
2 ſneltered, 
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ſheltered, and not expoſed either to the wind or 
ſun's and all the obſervations /-that I have made; 
on it, are always. about the riſing of the ſun, 
which is the time of the day when the air. is moſt 
cool: for the hotteſt time is generally at 3 in — 
afternoon, / + : Wherefore to know the greateſt 

of the air, in a place not affected by the ſan, - 1. 
have obſerved; that my thermometer roſe. to 77 
ee with a ſtrong S. E, wind, Aug. 17. at, 
3 Z in the afternoon,. which is a mark of extreme 
heat. This thermometer is very long, and may 
be expoſed. to the hot ſummer ſun, without the. 
| liquor's riſing to the top of the tube, that I may, 
mark the more eaſily upon it the degrees of heat 
and cold, even, when it is expoſed to the ſun. 

We may hence conclude, that the cold of the 
air in this country is in general greater than the 
heat in the abſence of the ſun. For the mean ſtate- 
of the air being 48 degrees on my thermometer, 
and the greateſt heat 97, there are but 29 degrees: 
of difference, which being taken from 48, there 
would remain 19 degrees for the mark of a cold 
at the ſame degree below the mean that the heat 
is above it; and yet it ſometimes happens here, 
chat the ſame thermometer falls to 7 degrees. 

We may obſerve, that the greateſt heat of the 
day does not always follow the heat of the motn- 
ing, as may be ſeen in theſe obſervations : for the 
greateſt heat of the morning was Sept. 1. the ther- 
mometer marking 65 degrees 2, and that of the 

afternoon Aug. 17, and on that very day it was in 
the morning a little leis than on Sept. 1. for the: 
thermometer marked but 63 degrees, Which may 
happen from ſeveral particular cauſes. 

The barometer which J ule is ſimple, as uſual, 
having a tube of moderate thickneſs, that the 
quickſilver may have the more liberty to move 

313 
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in it 3 the bottle at the! bottom is pr | 
the bigneſs of the tube; ſo that the falling or ang 
of the quickſilyer of i inch 4 in the nw, In is not 
ſenſible in the bottle. This barometer is always 
. Placed at the height of the great hall of the obſer- 
vatory, which is near 22 0 above the level of 

the ſurface of the river in a mean ſtate. I ob- 
ſerved it was at the loweſt this year at 26 inches, 
x6 lines March 6. and the higheſt at 28 inches, 
2 lines 2 Peb. 9. The difference therefore be- 

tween the higheſh and the loweſt: was but 1 inch, 

4 lines , which is ſomething leſ than the come 
Won, which is 1 1fieh, - 6 lines. 

But the moſt eonſiderable thitg: that has hap- 
pened this year is the hurricane of Feb. 2. the: 
wind was very violent, and the barometer was in 
an almoſt mean ſtate at 27 inehes, 4 lines 5, and 
there was but 1 line of rain, which may be ob. 
ſerved as an extraordinary thing; for in great mo- 

tions of the air, the barometer falls very low. 
I found the declination of the needle to be 80 
480 Sept. 22. W. variation. I made uſe alſo of 
the ſame compaſs, of which the needle is 8 inches 
long, and very well ſupported on a very ftender 
pivot. I always make the obſervarions againſt 
one of the pillars of the lower terraſs of the ob- 
ſervatory, by applying the ſide of the box to it, 
wherein the needle is incloſed, and by this means 
J avoid all the errors that could happen from the 
— ition of the compaſs on the meridian. I have 
ormerly proved the poſition of the ſide of this: 
pillar, by the ſun's paſling the meridian, applying 
a great rule to it, which had at its extremities two 
ſights for the rays of the ſun to paſs thro? ;- the 
aperture of tha objective ſight, and the tract 


marked on the other, were in a line exactly pa- 
rallel 
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rallel to the ſide of this rule, which was applied 
againſt the face of the pillar. 


II. Adi iſeourſe on ſome properties of the air, 
and the means of knowing the temperature 
Fit in all the climates of the earth. By, 


M. Amontons . 


The experiments, which 1 have made three 
years ago on the dilatation of the air by the heat of 
boiling water, ſhewed me, that unequal maſſes 
of air loaded with the ſame or equal weights, 
augmented equally the force of their ſpring by 
equal degrees of heat; and as my principal end 
in theſe experiments was to know, how much the 
heat of the boiling water increaſed the ſpring of 
the air above what it has in the water, which we 
call cold, theſe experiments led me at that time to 
think, that it was but in a quantity capable of 
ſuſtaining 10 inches of quickſilver in height be- 
yond the weight of the atmoſphere: but having 
ſince carried my experiments farther, I have 
found, that the ſpring of the air augmented 
by the heat of boiling water, was not fixed to ſuſ- 
tain no more than 10 inches of quickſilver, be- 
ſides the weight of the atmoſphere; but that it 
ſuſtained more or leſs in proportion to the weights 
with which it was loaded, and that this augmen- 
tation was always about the third part of thefs 
weights, when the air is at firſt in the ſtate which 
we here call temperate, and leſs than a third part 
when the air is hotter ; and on the contrary, more 
than a third part when it is colder, For inſtance; 
if, when it is temperate, a mals of air loaded with 
30 inches of quickſilver, comprehending the load 
of the atmoſphere, has augmented its ſpring by 

* June 28, 1702. 
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the heat of boiling water, ſo as to ſuſtain 10 in- 
ches of quickſilver, beſides the load equal to 30 
inches of quickſilver : when this maſs ſhall be 
loaded with 60 inches, it will augment its ſpring 
20 inches, and 30 inches when it ſhall be loaded 
with 9o, and ſo of the reſt. Whence in ſeems, 
that we may draw this confequence, that he ſame 
degree of beat, let it be ever ſo little, may conti- 
nually increaſe the force of the ſpring of the air, if 
this air is continually loaded with a greater and 

eater weight. And as we have already obſer- 
Fo that unequal maſſes of air equally augment 

e force of their ſpring by equal degrees of heat, 
we may draw this other conſequence, that à very 
_ ſmall parcel of air, let it be ever ſo little, may ac- 
quire a greater elaſtic force, and greater and greater 
continually by a very ſmall degree of heat, if this 
little parcel is continually loaded more and more. 
' Theſe properties of the air may perhaps hereafter 
ſerve us, to explain ſeveral phyſical effects, of 
which we do not at preſen 3 the cauſes. 

I have juſt now ſaid that experience had taught 
me, that unequal maſſes of air, loaded with equal 
weights. augmented the force of their ſpring equally 
by equal degrees of heat, and that the elaſtic forces 
which they acquired, were ſo much more conſi- 
derable, as the weights with which they were 
preſſed were great; che reaſon of which is, that 
the maſſes of a air, either being in the ſame medium, 
or conſidered as ſuch, and loaded with equal 
weights, there is no reaſon why one ſhould ac- 
quire a more conſiderable elaſtic force than the 
other. For tho' it is true, that if theſe maſſes of 
air had the liberty of extending themſelves, the 
greater would increaſe their bulk more than the 
ſmaller; this ought not however to take place in 
the augmentation of their ſpring, ſince, accord- 
| 2 gs, © 
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ing to M. Mariolte's rule, unequal maſſes of air 
equally loaded muſt reduce themſelves to bulks 
proportioned to their firſt maſſes, to acquire new | 
equal degrees of elaſtic force; and thar, by the 
reverſe of this very rule, if equal maſſes of air 
unequally loaded have a liberty of extending 
themſelves, they will really poſſeſs ſpaces pro- 
portioned to the weights with which. they are 
loaded; but not being able to extend themſelves, 
they muſt neceſſariſy acquire elaſtic forces pro- 
portioned to the ſame weights. 

When I had diſcovered theſe truths, I endea- 
voured to apply them ; and thought I could make 
an advantageous uſe of them in bringing ers 
mometers to perfection. 

Few perſons are ignorant, that the firſt laws 
mometers made with air acted not only by the 
heat and cold of the external air, but ſtill more 
by its greater or leſs weight, and that the motion 
of theſe thermometers, cauſed by the weight of 
the air, was at leaſt as ſenſible as that which was 
cauſed by the heat, which rendered the obſerva- 
tions on them uncertain, and conſequently of no 
_ uſe. It is true, that there have ſince been inven- 
ted thermometers of ſpirit of wine, ſealed herme- 
tically, which ſeem to act only by the alterations 
of the air, as to cold or heat: but beſide the ſpirit 
of wine's not receiving the impreſſion ſo quickly 
as the air, and the great maſſes receiving it more 
ſlowly than the leſſer ones, it is almoſt impoſſible 
for their tubes to be equal from one end to the 


Other; whereby the ſame quantity of liquor, 


which towards the bottom might perhaps poſſeſs . 
no more than 40 parts of their graduation, when 
driven up towards the top may ſometimes poſſeſs 
45 or 5o more or leſs. Whence it comes to paſs, 
that 1f theſe thermometers were regulated only 
r according 
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according to the greateſt heat and greateſt cold of a 
climate, the temperate degrees of the thermometers 
would be all different from each other, tho? they 
ought to be exactly the ſame, But farther, let 
us ſuppoſe, what 1s not true, that theſe thermo- 
meters have none of the above-mentioned defects; 
what is a degree of heat of theſe thermometers ? 
what knowledge do thele degrees give us of the 
temperature of our climate? It is certain, that 
they give us none ; the firſt of theſe thermome- 
ters were graduated, juſt as it happened, on the 
greateſt heat and cold of ſome years, and can only 
ſerve at moſt to ſhew us, that ſome are hotter or 

colder than others : which is of no great- uſe, as 
Ve cannot certainly know the difference, and theſe 
inſtruments are not at all proper to tranſmit to 
poſterity the obſervations, that may be made on 
the different temperature of the climates : for to 
ſay, for example, that laſt year the thermometer 
roſe 7 or 8 parts more than the preceding, is giv- 
ing no better intelligence how much this year was 
hotter than the other; than if -one ſhould tell a 
perſon, who is ſolicitous about knowing the 
length of a pendulum that ſwings ſeconds, that it 
is as long as ſuch a ſtick, of which he does not 
know the length: but if one ſhould tell him, 
that the length of this pendulum is 3 feet, 8 lines f; 
then as theſe meaſures are known and fixt by uſe, 
and by the compariſon that may be made of them 
to all forts of dimenſions; he has no longer any 
reaſonable doubt, that may require to be cleared 
up. It is not ſo with a degree of the thermome- 
ters that have hitherto appeared; we cannot ſay 
that there is, for example, the 100th part of the 
difference between the greateſt heat and the great- 
eſt cold of one year, ſeeing theſe differences are 


hardly ever equal; and if they were ſo, it would 
— * 
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be at moſt but for a certain climate; thus a de- 
gree of the thermometer cannot be compared to 
any degree of heat, and conſequently cannot be 
the meaſure of it. On the contrary, if I fay the 
greateſt heat of laſt ſummer was, for example, 
5 of that of boiling water, this degree of heat 
being known by thouſands of daily effects, that 
which I would have known becomes ſo alſo, and 
I can draw all the conſequences from it that I 
want. We muſt thep agree upon a certain degree 
of heat, conſtant and invariable, known by every 
body, to which we may compare, and which 
comprehends all the other degrees of heat that can 
be 1n the air which we breathe. This is proba- 
bly what the late M. Colbert intended, when he 
had a project of having a conſiderable number of 
thermometers conſtructed, and to ſend them into 
difterent parts of the world for obſervations to be 
made upon them: but probably that great mi- 
niſter gave over the deſign, only becauſe he juſtly 
thought, that the ſpiric of wine thermometers, 
ſuch as they had then, were improper for the 
purpoſe, and that it would have been almoſt im- 
poſſible to eſtabliſh a ſufficient unitormity in theſe 
thermometers. | 
The degree of heat, neceſſary to eſtabliſh an 
uniformity in the conſtruction of thermometers, 
might be that of common boiling water, expe- 
rience having ſhewn me, that it cannot acquire a 
greater degree of heat, let it be ever ſo long on 
the fire, and let the fire be ever ſo ſtrong. 

* ABCD is one of the glaſs tubes, which I 
made uſe of for ſome former experiments, to 
know the increaſe of the ſpring of the air by the 
heat of boiling water, open at A, bent at C, and 
ending in a ball D. The bigneſs of this tube is 

* Plate XVI. Fig. 1 SE 
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about = line within, that of the ball 3 inches 


a little more or leſs without conſequence z _ 
herein theſe thermometers have a great advantage 


above others, by the equality of their motion, fo: 


eaſy to find in theſe new thermometers, ſo diffi- 
cult to find in the old ones; the length of this 
tube from A to B ſhall be 46 inches, that the to- 
tal AC may be about 48. Let there be quick- 
filver from the entrance E of the ball, and in all 
the reſt of the tube quite to the aperture A; ſo 
that the ball D being in the boiling water, the air 
which it incloſes may ſuſtain by its elaſticity 73 


inches of quickſilver, comprehending the weight 
of the atmoſphere, which is always ſuppoſed 


equal to 28 inches, and only 45 inches without 
comprehending it, beginning at the level of the 
quickſilver, which ſhall be at E; then the ſurface 
of the quickfilver in the tube AB, near the aper- 
ture A, ſhall be the term from whence we may 
begin to reckon all the other degrees of heat, 
which ſhall be leſs than that of boiling water : 
for as there 1s no climate upon the earth, that can 


be ſuppoſed to be as hot as boiling water, we 


ſhall conſequently have as high a degree of heat, 
as is known in any country, which will compre- 
hend all below it, and from which we may be- 
gin to reckon. So that to expreſs the greater or 
leſs degree of heat of any climate, we need only 
count the number of inches and lines, by which 


the ſurface of the quickſilver towards A, ſhall be 


lower than the place to which the heat of the 


boiling water had made it riſe, having a regard alſo 
to the weight of the atmoſphere at the time of the 
obſervation, whether it is more or leſs heavy 
than 28 inches of quickſilver; becauſe the furtace 
of the quickſilver towards A, will be too low by 
the quantity by which the weight of the atmo- 

ſphere 
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ſphere ſhall exceed that of 28 inches of quickſilver, 
or too high by the quantity which ſhall fall hore 
of thoſe 28 inches. Wherefore, in the firſt caſe, 
_ we mult ſubſtract this exceſs of inches and lines, 

contained from the degree of the heat of the boil- 
ing water; and, in the ſecond caſe, we muſt add it. 
It will be eaſy therefore, by the aſſiſtance of theſe 
thermometers, to know the temperature of all 
the climates of the earth, and to conſtruct other 
thermometers with ſpirit of wine for each climate, 
which may be compared with theſe new air ther- 
mometers. The degrees marked on them will be 
no longer unknown, and we may tranſmit our 
knowledge to poſterity, to obtain the advan- 
tageous uſes from them, which there is room 
to promiſe, not only for all philoſophical 
uſes, but alſo for our own preſervation. The 
thermometer muſt be prepared after the following 


Manner. 


Az is a little bit of aſh, walnut, or any 
other wood of like nature, about an inch ſquare, 
and £ inch in thickneſs; in the thickneſs of which 
holes muſt be bored from ſide to ſide, as EF a- 
bout 3 or 3 lines 1 in bigneſs, and another of 
like bigneſs as GH, to communicate only with 
the firſt, and no farther. Then apply with ſome 
maſtick at G a glaſs tube + ILG, about 4 feet 
long, open at both ends IG, and bent at L, a- 
bout an inch from the extremity G; apply after- 
wards at F another tube as FMNO, open allo at 
the two extremities F and O, fwola toward F 
into a ball M, of about two inches in diameter, 
at E inch from the extremity F, bent at N as 
near the ball M as poſſible, and deſcending a- 
gain towards O with 6 or 7 inches; apply at E 
another end of a tube only 2 or 3 inches long: 


Plate XVI. Fig. 2. + Fig. 3. F 
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all theſe tubes muſt be but about a line or twe 
on the inſide, except the extremity O, which 


muſt be a little widened to receive the other tubes 
more eaſily that are to be applied to it. Theſe 3 


tubes muſt be ſo applied to the little piece of 


wood with maſtick, that the quickfilver let in 
with a funnel at I may flow freely towards F and 
E, and may pals, according as it ſhall be neceſ- 
fary, either thro* the tube FMINO, or the tube 
EP. QUf{erve to cover this whole piece of wood 
well with maſtick, for fear the quickſilver ſhould 


get thro? its pores. 


This little machine being thus prepared, apply 
it againſt a wall, making the ball M reſt upon 
two nails, and tying the tube * IL looſely, a little 
below its extremity I, with a piece of packthread 
to another nail faſtened alſo in the wall. Apply 
alſo with ſome maſtick at O the extremity A of 
the thermometer, into which you would introduce 
the quickſilver, making the bottom of it lean 
upon ſomething ſolid, as at C, after which cloſe 
the extremity P with maſtick, and then with a 
funnel pour the quickſilver in at the extremity I, 
which will gradually fill the ball M, and pro 
portionably condenſe the air of the ball D. When 


the ball M is quite full, and the quickſilver be- 
gins to paſs by the bending N, and go down to 


C, leave off pouring 1n the quickſilver, and open 
the extremity P by heating it with the flame of a 
candle, driven thro* a little pipe, as when we 


feal hermetically, then withdraw the quickſilver 
from the ball M by the extremity P; and it the 


quickſilver in the tube AC is about 27 inches a- 


bove EF, when the heat of the air is the ſame 
with that of temperate of the eighth climate, and 


. 4- + Fig. 1. a.” 
the 
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the weight of the atmoſphere is equal to 28 in- 
ches of quickſilver, then you need only looſen the 
tube of the thermometer from the tube NO, by 
heating the maſtick as before: but if the Guick- 
ſilver was not 27 inches above E, the aperture P 
muſt be cloſed again with maſtick, and the, 
quickſilver poured again by I, till you judge 
there is ſome air entered into the ball D, ſuffi- 
cient to ſuſtain the quickſilver in the tube AC, 
27 inches above E, which may eaſily be known 
by the height which the · quickſilver will keep in 
the tube LI; if on the other ſide the quickſilver 
in the tube AC ſhould be found the firſt time 
much above the 27 inches, it would be a ſign. 
that the capacity of the ball M is too large: 
then the glaſs of the thermometer above the ma- 
chine muſt be taken away, and emptied, to be- 
gin to fill it anew, obſerving, before you put the 
maſtick again on the tube NO, to put into the 
ball M a fufficient quantity of quickſilver, to 
diminiſh its capacity by about the quantity that 
may have been thought too great. If there were any, 
perſons who had the muſcles of reſpiration ſtrong 
enough to reduce the air in D, by blowing thro?. 
A, into the ſame ſtate of condenſation with theſe 
27 inches of quickſilver, they need only make 
the machine ILMNO, and after having intro- 
duced a little quickſilver into the ball D with a 
funnel, blow ſtrongly thro* the aperture A, till 
the quickſilver could riſe in the tube AC 27 in- 
ches above E: but few, if any, are capable of ſo 
much force, and the ſureſt way is to make uſe of 
the machine above- mentioned. | 
In the laſt place, to finiſh the preparation of 
the thermometer, obſerve with a fingle barome- 
ter, what is then the weight of the atmoſphere, _ 
and what height of quickſilver it will ſuſtain : 
Vor. I. NC. 10. 2 2 ſubſtract 


8 
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ſubſtract it from 73 inches, and mark with ſome 


colour on the tube CA, beginning over-againſt 
E, the number of inches and lines remaining from 


the ſubſtraction. Aﬀterwards dip the ball D in 


a kettle full of cold water, and fetting the whole 


over a pretty good fire, Keeping t the tube AC 


always even, leave it till the water boils very 
briſkly ; as faſt as the water heats, you will ſee 
the quickſilver riſe, fo that when the water is 
ready to boil, it will begin to diſgorge by the 
aperture A, if the weight of the atmoſphere does 
not then exceed 28 inches of quickſilver; and 
when 1t 1s quite boiling, and there comes out no 
more quickſilver, it muſt be inclined a little at 
ſeveral rimes, to make it come out again, and 
reduce it to the mark made towards A, that is, 


to the neceſſary height, to equal with the weight 
of the atmoſphere a load of 73 inches of quick- 


ſilver. Then this thermometer will be finiſhed, 
and there is no more to do but to take it gradually 


out of the boiling water, for fear the too uu 


cold of the external air ſhould break the glaſs. 

I have obſerved with theſe thermometers, that 
the air, which we call temperate, ſupports about 
19 inches of quickſilver leſs than that which is 
driven by a degree of heat equal to that of boil- 
ing water. I have ſaid, that which we call tem- 


perate, becauſe we are not ſure that it is true, 


this knowledge preſuppoſing that of extreme heat 
and cold, which we do not know yet : but in the 


mean whi! e, till we can eftabliſh the neceſſary 


correſpondences, thoſe who have a mind to know 
more on this ſubject, may with theſe thermome- 


ters make ſeveral experiments to carry their con- 


jectures farther. 
"7 8 bo: 


Obſer. 


2 


Nora ACAnEMY of Scizxcxs. 363 


DO Obſervations, 


June 16, 1702. I expoſed to the ſun at noon one 
of thaſe ſpirit af wine thermometers, which being ſet 
out in the open air, without being always in the 
ſun, extend 33 inches from the greateſt cold to 


the greateſt heat experimented at Paris. I ex- 


_ poſed near it at the ſame time the new thermo- 
meter, which I have juſt deſcribed, and obſer- 
ved that the degree of the ſun's heat ſuſtained 13 
inches, 2 lines; of quickſilver leſs than that of 
boiling water, and 5 inches, 9 lines # more than 
that of the temperate air of our climate. During 
the obſervation, there was a ſmall N. E wind, 
which made the quickſilver ſometimes fall and 
ſometimes riſe half an inch, whilſt the ſpirit of 
the other thermometer always roſe in a pretty e- 
qual motion; fo that being arrived to the very 
top of the glaſs, I was obliged to take it away 
from the ſun, for fear it ſhould break; the 
weight of the atmoſphere at that time was equal 
to about 28 inches of quickſilver, I placed this 
new thermometer another time in water, where 
there was a good quantity of ice, and the quick- 
filver fell but 2 inches below temperate ; that is, 
21 inches below the degree of heat of boiling 
water; whence we may probably conjecture, that 
there ſtill remains in the ice a very conſiderable 
degree of heat; which we may eaſily know, if 
we conſider, that after the firſt froſts the common 
thermometers ſink very conſiderably. 
When the quickſilver riſes into the tube BA, 
the capacity poſſeſſed by the air in the ball D, 
is greater in ſtrictneſs than when the quickſilver 
falls from this tube, which it ſhould not be, ab- 
ſolutely ſpeaking, if. the different ſizes of the 
1 E balls 
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balls did not hinder the motion of the quick- 
filver in theſe thermometers from being exactly 
equal in all. Wheretore in the following expe- 
riments, which were made with leſs balls than 
that already mentioned, and with tubes of a pretty 
large aperture, which had no proportion to their 
balls, we muſt not be ſurpriſed if the motion of 
the quickſilver is not exactly ſuch as has been men- 
tioned; for the inequalities of theſe very experi- 
ments have ſhewn the neceſſity of determining 
more exactly the proportion of the tubes to the 


balls. We muſt not expect however, that the 


differences which proceed from the different ſizes 
of the balls are very confiderable, much leſs that 
thoſe differences follow thoſe of the balls; ſince 
ſuppoſing 2 balls of thermometers, one of 3, 


and the other of 2 inches in diameter, and that 
the ball of 3 inches is applied to a tube of an 


aperture leſs by half than that of the tube applied 
to the ball of 2 inches, if the quickſilver deſcends 
in the firſt 19 inches below the place to which the 
boiling water had made it riſe, it will deſcend in 
the ſecond at leaſt 18 inches; whereas, according 
to the proportion of the balls and tubes, it muſt 


have deſcended only 3 inches in this laſt. 


Saturday, July 1, 1702. There were incloſed 
in two glaſſes of new thermometers 2 unequal 


maſſes of air, one about double of the other, each 


of them loaded with 14 inches, 4 lines of quick- 
ſilver, and beſides with the weight of the atmo- 


ſphere, which was found to be 27 inches, 6 lines 2, . 


which made in all 41 inches, 10 lines 2, of which 


the third part 13 inches, 11 lines ? was the height 


to which it was eſtimated that the quickſilver 
ought to riſe, on the air of the two glaſſes being 
heated by the heat of boiling water. Theſe mea- 
fures were ſo regulated, the glaſſes dipping in the 

Ts water, 
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water, cold as it was then; for by ſeveral: experiments 
made afterwards, it has been found, that liquids 
follow: the temperature of the air in which they 
are. The whole was afterwards ſet on the fire, 
which was raiſed till it made the water boil pretty 
briſkly for a conſiderable time; and it was ob- 
ſerved, that when the quickſilver was riſen in the 
glaſs with the biggeſt ball to 13 inches, 1 line; 
and only to 12 inches, 3 lines in the other, the 
quickſilver ceaſed entirely to riſe in both: thus 
the quickſilver roſe in the firſt 10 lines = leſs than 
was expected; and in the laſt 20 lines 4 T. As 

theſe experiments were made in haſte, and without 
| Preparation, the company deſiring ar firſt only 
to ſee theſe new thermometers loaded with quick- 
filver, ſeveral circumſtances were neglected, which 
cauſed theſe differences. 

1. It was not obſerved whether the ſtate of the 
cold water, into which the glaſſes were plunged 
to regulate them, was that which we here call 
temperate z for the experiments, which ſerved as 
a foundation to determine this augmentation of 
the elaſticity of the air to about 5 of its charge 
were made in this circumſtance, it being proba- 
ble, that this augmentation is more than 4, when 
the ſtate of the air incloſed in the balls is colder 
than the temperate, and leſs than 4 when it is 
hotter. We had not alſo uſed the precaution to 
have the tubes of a bigneſs proportioned to the 
capacity of their balls, becauſe we thought theſe 
tubes ſmall enough not to cauſe any conſiderable 
augmentations in the bulks of the air incloſed in 
theſe balls. 

Wedneſday, Fuly 5, 1702, The 2 glaſſes of the 
preceding experiment were put again into cold 
water, but yet hotter than temperate ; there was 


added a ſpirit of wine thermometer, and an air 
"i 3 To one 


8 * 
Þ TIS. ot. 


366 The HisToRY and MEMO1Rs of tbe 
one after the new manner, to know by their 
means the ſtate of this cold water, and ſo make 
the correction neceſſary to the height of the quick- 
__ contained in the 2 Hoſt glafles, and it wes 
| un 

1. That the ſtate of the water held the ſpirix of 
wine thermometer at 60 degrees, that is, 10 de- 
grees above temperate, or the ſtate of the air in 
very deep places, as for inſtance, the caves of 
the obſervatory. | 

2. That the air thermometer ſultained 1 15 lines 
of quickſilver more than the temperate, that is, 
that the ſurface of the quick ſilver in the tube wb 

27 inches, 3 lines above the ſurface of the quick- 
jen ball. 
That the ſurface of the quickſilver in the 
. tubes of the glaſſes of the preceding experi- 
ment, was 14 inches. 8 lines above the ſurface of 
that of their balls. 

In the laſt place, it was obſerved on | the bares 
meter, that the weight of the atmoſphere was 
then equal to 27 inches, 5 lines of quickſilyer 
ſo that to this weight there was added that of 14. 
inches, 8 lines, which made 42 inches, 1 line, 
of which the third part 14 inches, and; of a- 
line, was the quantity which the quickſilver would 
have riſen in theſe tubes above 14 inches, 8 lines, 
if the ſtate of the cold water, in which theſe 
balls plunged, had been that of temperate: up- 
on which it may be remarked, that tho' the 
quick ſilver of the air thermometer was 15 lines 
higher than temperate, yet there were taken but 
12 lines from the height of the quickſilver of the 
glaſſrs, becauſe the air of their balls not being 
fo loaded as that of the ball of the thermome- 
ter, it muſt not have increaſed its ſpring ſo con- 


fiderably : fo that it was determined, that the 
quick- 
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quickſilver in the two glaſſes of the experiments 
muſt have riſen only 13 inches, + of a line, by 
the heat of the boiling water. 

As it was wanted only to know by experience, 
whether unequal maſſes of air, equally loaded, 
increaſed the force of their ſpring equally by the 
ſame degree of heat; but alſo to know, whether 
this augmehtation was ſo much the greater, as 
theſe maſſes were the more loaded, and whether 
it was always about 3 of the loads of the air in 
the ſtate of temperate : to be certain of this by 
the ſame experiment, it was determined alſo t6 
what height the quickſilver ought to riſe in the 
air thermometer, by the heat of the boiling wa- 
ter; and as the height, at which it was then 
found in the cold water, was 27 inches, 3 lines, 
which being added to 27 inches, 5 lines, the 
weight of the atmoſphere at the time of the expe- 
riment, made in all 34 inches, 8 lines; of which 
the third part 18 inches, 2 lines 3, was the quantity 


* which it ought to have riſen by the heat of the 


boiling water: but as the cold water, tho' war- 
mer than temperate, in which it was dipped, 
kept it up 15 lines above temperate, it was deter- 
mined that the quickſilver could not riſe again 
more than 16 inches, 11 lines 3, by the heat of the 
boiling water. | 
After having thus determined on theſe three 
glaſſes the height to which the quickſilver ought 
to riſe, namely, in the 2 firſt to 13 inches, 3 of 
a line, and in the Jaſt to 16 inches, 11 lines 33 
the whole was ſet on the fire as before, till the wa- 
ter quite boiled; and the quickſilver roſe :0 the 
height that it ought in that of the two firſt glaſſes, 
where the ball was biggeſt, and where the dif- 
ference was but 1@ lines + in the preceding ex- 
periment : but in the ſecond, there wanted * 
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6 lines; and in the thermometer, or third glaſs, 
there wanted 2 lines 3, which, without doubt, 
proceeded from the bigneſs of cheir tubes of three 
glaſſes, being conſiderably diſproportioned to 
the bigneſs of their balls, and from the bulks 
of air not remaining conſtantly the ſame, but 
altering as the quickſilver of the balls is 
driven into the tubes, as was ſaid before; for 
tho' it is proved by all theſe experiments, that | 
the air does not dilate in proportion to its bulk, 
as ſpirit of wine, and all other liquors do, and 
that therefore it does not ſeem neceſſary, that the 
balls and their tubes ſhould be ſo proportioned to 
each other, as to acquire equal degrees of elaſti- 
city, the bulks of air muſt remain the ſame, or 
at leaſt increaſe proportionably from what they 
were before the heat had acted upon them; and 
tho? it is impoſſible, let the tubes be ever fo 
narrow, that the quickſilver driven in ſhould not 
alter theſe bulks a little; yet it is neceſſary, in 
order to obtain a perfect uniformity in the motion 
of the quickſilver of theſe thermometers; that the 
tubes ſhould be nearly proportioned to their balls ; 
for the little exactneſs is here of no conſequence. 
Saturday, July 8, 1702. A glaſs of the new 
thermometer was charged with quickſilver, after 
the ſame manner, and with the machine deſcribed 
in the former part of this paper. The glaſs was 
afterwards put in water over the fire, which was 
increaſed as uſual till it quite boiled. In this 
ſtate we finiſhed the reducing of the height of the 
quickſilver, which was riſen higher than the 45 
inches above that of the ball exactly et theſe 45 
inches as was ſaid before, except that there was no 
regard had to the weight of the atmoſphere, which 
was then 27 inches, 4 lines, that is, 8 lines lighter 


than it ought to have been, and that conſequently 
there 
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there muſt have been 45 inches, 8 lines of ſurface 
to the other to make the total charge be 7 3 in- 
"he, (os 

I have Gia before, that the air which we call | 
temperate, ſuſtained 19 inches of quickſilver leſs 
than the heat of boiling water. The day before 
theſe experiments were made, I placed two of theſe 
new thermometers in the caves of the obſervatory, 
one fell to 18 inches, 10 or 11 lines, the other 
only to 18 inches, 6 or 7 lines. From all theſe 
experiments therefore we may conclude, 

1. That when the bigneſs of the tubes is not 
proportioned to the capacity of the balls, unequal 
maſſes of air increaſe almoſt equally the force of 
their ſpring by the ſame degree of heat. 

2. That the more theſe maſſes of air are loaded, 
the more they augment the force of their ſpring 
by the ſame'degree of heat. 

That this augmentation would probably be a- 
bout + of the loads at the time of temperate, if 
theſe maſſes did not increaſe their bulks, by driv- 
ing into the tubes a part of the quickſilver con- 
— in the balls, 

And that laſtly, it is probable alſo, thatthe 
effects would be uniform in all theſe glaſſes, of 
what ſizes ſoever the balls may be, if the capa- 
cities of theſe balls were proportioned to the big- 
neſs of their tubes, as I have really found by ex- 
periment; upon which it may not be amiſs to 
obſerve, that having broken the glafſes uſed in 
the experiments of July 5, in which the quick- 
ſilver ought to have riſen to 13 inches, 3 of a 
line by the heat of boiling water, tho? it did nor 
riſe to this height, except in the firſt of the two 
glaſſes, and only to 12 inches, 6 lines 4 in the 
ſecond ; and that having exactly meaſured with 
quicklilver the capacity both of che tubes and the 

Vol. I. Ns. 10. Aa a balls, 
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balls, I found that on the length of 31 inches 
the capacity of the firſt tube was 5 part of the 
capacity of its ball, and that the 25 55 of the 
tube wherein the quickſilver roſe only to 12 in- 
ches, 6 lines 3, was 3 part of the capacity of 
its ball; wheace we ſee, that tho? this laft tube 
wis almoſt twice as big as it ought to have been, 
yet the difference was but 6 lines, that is, about 
2 part of the height to which the quickſilyer 
roſe, whereas it ſhould have been, near half, that 
is, about 6 inches, if the motion of the quickſilver 
in theſe two glaſſes had been made according to 
the proportion of the tubes to the balls, as it would 
have happened, if they had been full of ſpirit of 

wine, or any other fluid than air. We ſee alſo by 
this experiment, thar the ſmaller the capacity of 
the tubes is, in compariſon of the balls, the more 
the increaſe of the f pring of the air, by the heat 
of the boiling water * 5 what it is in the tem- 
perate ſtate, approaches more truly to the third 
part of the load which this Air ſupports : but as 
theſe tubes were already ſo ſmall, that it is not 
convenient to leſſen them, it would be better to 
increaſe the bigneſs of the balls, and to make 
them 3 or 4 inches in diameter. 


M. Mariotte's hay the equilibrium of the air 
| its ſpring, 

| W hen the height of the quickſilver with which 
we propoſe to load a maſs of air, preſſed at firſt 
only by the weight of the atmoſphere, which he 
ſuppoſes with me equal to 28 inches of quickſil- 
ver, 1s given, and we would find the bulk to 
which the air would be reduced by this load, 
M. Mariolte conſiders this maſs of air as incloſed 
in the branch EC, of the tude ABC of equal 


* Plate XVI. Fig. 5. fb . 
bigne 
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bignels itt its whole length, open at A, bene 
ſquare at D and E, and Gofed ln C. the part 
is full of * to the prickt line DE, the 


branch DA 'ferving to contain the loads which 
ſerve to preſs the air at EC; after this, M. Ma- 
riotte makes the following analogy : As the ſum 
of the weight of the atmoſphere, and of the 
height of the quickfilver, with which we propoſe 
to load the maſs of air EC is to 28 chi of the 
atmoſphere, fo is the bulk of air EC to the bulk 
to which this load reduces it. RO 
Now to make application of this rule to our 
experiments, let us fuppoſe 3 tubes, as ABC, 
in which the tubes EC are to one another in the 
proportion of 1, 2, 3, and conſequently the 
maſſes of air which they incloſe: let us fuppoſe 
alſo the load, with which thefe maſſes of air are 
to be preffed, equal to 43 inches in height of 
quickſilver; then to have the bulk to which the 
air will be reduced in the firſt glaſs, ic muſt be, 
I. as 73 inches (the ſum of the weight of the at- 
moſphere 28 inches and of the load 4.5 inches) is 
to 28 inches (the weight of the atmoſphere) ſo 
is 1 (the bulk of air preſſed only by the atmo- 
ſphere) to 34 the bulk of air loaded with 45 in- 
ches in this firſt glaſs. 2. To have the bulk to 
which the quickſilver will be reduced in the ſe- 
cond glaſs, it muſt be as 73 inches to 28, ſo 2 to 
55 the bülk of air loaded with 45 inches in the 
ſecond glaſs. 3. In the Jaft place, to have the 
bulk to which the quickſilver will be reduced in 
the third glaſs, it muſt be as 73 inches to 28 in- 
ches, ſo 3 to 4; the bulk of air loaded with 45 in- 
ches in the third glaſs. Now as theſe fractions 54 4 
; are to one another as the numbers 1, 2, 3, theſe 
unequal maſſes of air by acquiring equal forces 
of elaſticity, have not changed the proportion 
A aa 2 „ f 
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that they had to each other, and conſequently they 
muſt, continuing the ſame, acquire equal force 
of elaſticity, ſeeing the cauſe which produces 
them is equa], as the degree of beat is here ſuppo- 
ſed to be. | 

Beſides, we can hardly have any. other idea of 
the parts of fire, than that they are in a continual 

and very violent motion; nor can we conceive 
| how theſe parts can heat thoſe of the moſt ſolid 

bodies, but by ſuppoſing that by the effort which 
they make to penctrate them, they communicate 
a part of their motion to them. 

But as in the experiments which ſhew that 1 un- 
equal maſſes of air acquire equal forces of elaſti- 
city by the ſame degree of heat, it is eaſy to 
judge by the preceding calculation, that all the 
parts of air which compoſe the three different 
bulks of air, are neither more nor leſs cloſe the 
one than the other, and that beſides, the parts of 
fire, which put them into motion, being 1 in like 
manner the ſame, they cannot communicate more 
to one than to another. It 1s true, that unequal 
maſſes of air cannot acquire unequal forces of e- 
laſticity by the ſame degree of heat, but on the 
contrary, they muſt acquire equal ones, and this 
is what is confirmed by experience. 

As for the ſame maſſes acquiring ſo much 
greater forces of elaſticity, by the ſame degree of 
heat, as they are more loaded, it is eaſy to con- 
ceive, that the more the E of air are loaded, 
the more parts of air they contain in the ſame 

ſpace, and conſequently the parts of fire cannot 
infinuate themſelves between theſe parts of air, 
with the violence which we know they employ in 
ſeparating the moſt immoveable parts of the moſt 
ſolid bodies, without ſeparating theſe parts of air 


trom each other; whence it neceſſari]y follows, 
. | that 
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ol the more parts of air there are in the fame. 
ſpace, the greater. the augmentation of the bulk, 
to which the heat reduces it, ought to be: but 
as the cauſe, 'which would augment the bulk of 
an elaſtic body, ſuch as the air is if it had liberty 
to extend itſelf, would in like manner augment 
the force of its ſpring if it had not this liberty; 
"it neceſſarily follows, that the more the maſles of 
air are loaded, the more the ſame degree of heat 
muſt make them acquire a greater elaſtic force, 
this is what really does happen. 

As for the experiment ſhewing that the claſtic 
force, which the air acquires, : when it is heated by 
the warmth of boiling water, is about Z of what 1 it 
bas been when temperate; wedonot yet ſufficiently 

know whether this happens by a neceſſary conſe- 
quence of ſome principles, or whether it is .a 
mere effect of chance. In the mean time all that 
we can do therein, is to aſſure ourſelves, by a 
al ſeries of emen of the truth of = 
act . 


III. 4 . of the ancient itineras 25 
meaſures with the modern, by M. Caſſini © 


As the defoription of all the earth is made by 
the dimenſions, that have been taken in diverſe 
places and at diverſe times, as well in the heavens 
as in the earth, and as the meaſure of the earth is 
determined variouſly by various people, and 
changes with time; nothing is of more conſe- 
quence in geography, than to know the propor- | 
tion of the itinerary meaſures, which the ancient 
geographers uled in the deſcription of a country 
to the modern meaſures. . 

The itinerary meaſures are ſometimes different 
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from thoſe, which are uſed" in commerce and i 
architecture. We falf into great errors, when we 


ufe them indifferently in geography; — © 
The meaſirt of 1ht diftanee from Narbonne to 


In the laſt journey that we made by the king's 
order into ſeveral provinces of France, we have 
compared the diſtances that we have found be- 
between the ancient towns and thofe of the fame 
towns, related by the ancient geographers. We 

ſhall here relate fome * them. The di- 
ſtance from Narbonne to Niſmes, by our dimen- 
%%% Ae ro 

Strabo places Narbonne 88 miles from Niſmes; 
the road from one of theſe towns to the other is 
Pretty ſtraight,” and there is but little reduction 
to make. Divide 67500 toifes by 88 miles, there 
comes to each 767 22. We throw out this ſmall 
fraction, becauſe we cannot pretend to have ex- 
actly the ſame bounds of theſe two towns, which 
were taken by the ancients. Each pace was 
feet, and the mile 3000 feet, the foot is divided 
into 12 inches. The toiſe'is 6 Paris feet, thete- 
fore 767 toiſes make 4602 feet. Rejecting two 
feet in ſo large a4 number, of which it is difficult 
to be certain in the practice, in round numbers 
4600 Paris feet will be equal to gooo ancient 
geographical feet, which are as 46 to 30, of 23 
5 25. : ol o 

Thus the Paris foot of 12 inches will be equal 
to a foot and an inch and 23 of an inch of the 

ancient meaſure; and the ancient foot will be e- 
qual to 11 inches and ; of the Paris foot. Bl 
we ſuppoſe the ancient mile be 764 toifes it will 
be ſmaller by 3 toiſes than by this compartſon, 
and the ancient geographical foot will be exactly 

f : tO 
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to the Paris foot, as 11 to 12. We myſt now 
ſee. if the other ancient grqgrephers Agree with 
Strabo in this meaſure. 

By the iti tinerary of Antonin us, they reckon one 
time between Ni/mes Er. 87, miles, ana- 
ther time 91; the dimenſion. of Strabo is Aa 


the two. By the ancient table of Peutinger, they 
reckon it 93. We ſhall prefer: the dimenſions of 
Strabo, who lived in the time of Auguſtus and 
Tiberius, the meaſures of the great roads havin 
then been made with care. We haye neverthele 
examined which of theſe meaſures agree moſt 
with others, which have, been. taken in Italy, as 
well at the time of the Romans, as in our time. 


The meaſure of the diftance from Bolonia to 
Modena. 


Antoninus s itinerary marks many times the 
diſtance from Bolonia to Modena, and always 
makes it 25 miles. The table of Funn makes 
it alſo 25 miles. 

Theſe two cities are med by the lier 
way, which in this interval was ſtraight. The 
fort Urbano, which they have baile: upon it, 
makes it at preſent turn a little. But we Hall 
make uſe of the ſame, which has been taken by 
the means of triangles in a right line. 

F. Riccioli and Grimaldi have carefully taken 
the diſtance between the towers, which are in the 
middle of theſe two cities of a great height. 
aſſiſted at ſome of the obſervations that they with 
at Bolonia, and I examined their ſtations at Mo- 
dena. They found the diſtance between theſe two 
towers 19,666 paces of Bolonia, which are 5 feet 
each. The Bolonian foot drawn from the ſame 
| original, from whence F. Riccioli took his, com- 


pared to the Paris foot by us, is to the Paris 
foot, 
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foot, as 7or to 600. Thus boo feet of Bolonia 
are equal to 70. Paris-feet;”” The pade of Bolo- 
nia is 5, Bolonian feet; and the Paris toiſe is 6 
Paris feet : divide 60 feet by 5, we ſhall have 
120 3 and multiply that by 6, and-we ſhall have 
720 paces ' of Balg, hk to 7781 toiſes of 
Paris. 

Now, as 720 is to 701, ſo is 195 666 paces & 
Volonia to 19,147 toiſes of Paris, which is the 
diſtance from Boloniu to Modena, by the dimen- 
ſion of F. Riccioli and Grimaldi reduced into toiſes. 
But this diſtance, by the agreement of the ancient 
itineraries, is 25 ancient miles: dividing then 
19,147 toiſes by 25 miles, we ſhall have 766 
toiſes for a mile, within almoſt one toiſe of 767, 
which we found before, by the compariſon of the 
diſtance between Niſmes and Narbonne given by 
Strabo, with thoſe which we have determined by 
our obfervarions. | ” 1 5 

An inquiry into the 4 tuation br the temp of he 
| | Pyrenean Venus. 


We made uſe of this meaſure of: the ancient 
miles to find the place where the temple of the 
Pyrenean Venus formerly was, which $trabo places 
on the confine of the Narbonneſe Gaul with Spain, 
63 miles diſtant from Narbonne. This diſtanee 
ris the rate of 767 toiſes for a mile, following 
the dimenſions drawn from that of Narbonne to 
 N:ſmes, would be 48,321 toiſes. Altho? the ety- 
mology ſhews, that Pori-Vendre is the port of 
Venus, as Vendredi is the day of Venus, yet this 
diſtance does not agree at all with that of Port- 
Vendre, which s 1 near Colioure. Perhaps the 
port of Venus was diſtant from the temple of Ve- 
nus, or there were two ports on that ſide a little 
diſtant from one another, which had the ſame 

name. 
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name. There was another Port- Vendre, called 
now PEtang de Vendre near Narbonne. The 
diſtance that is between Port Vendre, which is 
near Colioure and Narbonne, according to our di- 
menſions, is 41,000 toiſes leſs than that which 
we have juſt found by 7, 32 1 toiſes. 
At the diſtance of 48, 300 toiſes from Nar—- 
Bonne is the Selve, where there is a port capable of 
a good number of gallies, with a tower to defend 
the road. It is larger than Port-Vendre near Co- 
lioure, and is ſituated on the N. fide of Cape Creux 
which is the celebrated Apbroditic promontory, 
which Strabo alſo calls the Pyrenean promontory. 

Mela fays, that between the promontories 
formed by the Pyreneans, there is the port of 
of YVenns, celebrated on account of the temple ; 
which might be underſtood as well of one as 
the other port. Pliny places the temple of the 
Pyrenean Venus XI. miles diſtant from the river 
Tichis, now Ter, in Catalonia, This diſtance is 
without doubt too great, and almoſt double of 
that which comes from the preceding compariſon. 
M. de Marca, inſtead of XL, reads XI, ſup- 
poſing that the I has been changed into L, but 
this diſtance is too ſmall, and does not agree even 
with the diſtance between the Tech and Pori- 
Vendre, near Colioure, which is but 5500 toiſes, 
a little above 7 miles. Probably, inſtead of XL 
miles it ſhould be read XX miles; and the laſt X 
has been changed to an L. Thus the port of 


Venus will be the'port of Ia Selva. 


The meaſure of the ſtadia in France. 
Strabo places the diſtance between the temple 
of the Pyrenean Venus, and the outlet of the Var, 
which he gives for the two bounds of France, at 
277 miles. He ſays, that to this diſtance is reckoned 
Vor. I. Ne. 10. r 2600 
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2600 ſtadia; and that others add alſo to it 200 
ſtadia, which would make in all 2800 ſtadia. 
We ſee by this, how different the proportion 
of the miles is to the ſtadia. In dividing theſe 
two numbers of fadia by 277 miles, the firſt 
number gives 9 ſtadia, and a little more than 3 
for a mile; and the ſecond, 10 ftadia and above 
5 for a mile. Altho' in other places, St rabo, and 
the reſt, commonly give but 8 fadia to a mile; 
this compariſon however ſhews, that we cannot 
here allow leſs than 9g Badia to a mile, divide 
765 toiſes, which make an ancient mile, by q, 
we ſhall have a ſfadium in France of 85 toiſes, 
which make 510 Paris feet. Heradotus makes 
the ſtadia 600 feet, the footof Herodotus will then 
be to the Paris foot, as 51 to 60, ſuppoſing the 
Radium of Herodotus equal to the ſtadium of 
France, 5 „ 


The meaſure of the pyramids of Egypt in feet ane 
| ſtadia, n 

Herodotus makes the breadth of the baſe of the 
greateſt pyramid of Egypt to be 800 feet, and 
conſequently one ſtadium and 3, and as 60 is to 
51, ſo 800 is to 680 Paris feet, for the breadth 
of the baſe of the pyramid. At the rate of 9 
ſtadia for a mile, of which each has 510 feet, this 
baſe would have a ſtadium and 3, as by the di- 
menſion of Herodotus. M. Chazelles has actu- 
ally meaſured the baſe of this pyramid by a line, 
and found it 690 feet, upon an unequal ground 
raiſed in the middle; from whence he ſays, there 
muſt be ſomething taken away to have the juſt 
baſe. If we take away 10 feet, we ſhall have 
tor the breadth of the baſe 680 Paris feet, as we 
have before calculated, _ 5 11 
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M. Gemelli, who lately went round the world, 
relates the meaſure of this ,pyramid, which he 
ſaw in 1693, as he had them from F. Fulgence of 
Tours, a mathematical capucin, who found the 
breadth of this pyramid on each ſide to be 682 
Paris feet, which agrees with the meaſure that we 
have juſt found at the rate of 9 fadia for a mile. 
The meaſures which he gives of it agree with 
thoſe that M. Feaugeon has had from M. de Noin- 
tel, the king's ambaſſador to the Porte, and 
which he has communicated to the academy. It is 
ſurprizing, that Mr. Greaves, an Engliſh mathe- 
matician, in his Pyramidographia, has found the 
baſe of this great pyramid meaſured, by triangles, 
to be 683 Engliſh feet, which are to the Paris 
feet, as 15 to 16. In this proportion, having 
ſuppoſed the breadth of the pyramid 680 Paris 
feet, it muſt be 723 Engliſh feet, from whence 
we may ſee the difference, that there is between 
the meaſures of the ſame magnitude, taken by 
diverſe perſons, and reduced to the ſame feet. 

Strabo himſelf, whoſe meaſures taken in France, 
we have compared with our own, and who was 
in Egypt with #/ius Gallus about the chriſtian 
epoch, makes the breadth of this pyramid one 
ſtadium. He therefore makes the ſtadium here 
greater than Herodotus, or the geographers, from 
whom he has drawn the dimenſions of the Wan 
coaſts of France. 

Diodorus Siculus, who was in Egypt 60 years 
before the chriſtian epoch, ſays, that the greateſt 
pyramid had on each fide of its lower part 7 j4- 
gera; 6 jugera make a ſtadium according to He- 
rodotns : therefore each ſide of the baſe of the 
pyramid was one ftadium and 3. We have there- 
fore three different dimenſions of the pyramid 1n 


ſtadia; one of an exact Radium, one of a fta- 
B bb 2 dium 
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dium and 3 6, and one of a ſtadium 1. The mea- 
ſure of the fadia was therefore as different and 
as equiyocal among the ancients, as the meaſure 
of the miles and leagues are among the moderns. 
The meaſure of miles was more uniform, as we 

have found by the compariſon of the ſame dit- 
tances taken in France and Italy, by the ancients 
and by the moderns. We have from this compari- 
ſon drawn a concluſion of no ſmall importance, 
Which is, that the modern Roman foot of a palm 
and 3, is equal to the ancient foot uſed in the mea- 
ſure of the diſtances of the towns of France, and 
that both are to the Paris foot, as 11 to 12, hav- 
ing neglected a ſmall fraction, which is inſenſible 
in the practice. 

But the foot of Herodotus, with which he mea- 
ſured the pyramid, being to the Paris foot, as 
51 as 60 is equal to 10 inches, 2 lines and 2 of 
the Paris foot. It is the large foot of a man of 
tall ſtature, and ſuch muſt be the foot of Hercules, 
with which he meaſured the ſtadia for the Olympic 
games, allowing them 600 of his feet, which 
made 100 paces according to Herodotus. This 
author divides the pace into 6 feet, as we divide 
the toiſe into 6 feet. It is probable, that Era- 
toſt benes, who allowed 700 ftadia to a degree of 
the circumference of the earth, having drawn it 
from th: diſtance between Alexandria and Syene, 
made uſe of theſe fadia of Herodotus, Thus a 
degree, according to Eratofthenes, would be the 
product of 85 toiſes by 700, which makes 58,500 
toiſes. This meaſure of a degree i Is greater than 
ours by about Z, part. 

Pliny allows: 883 feet to the length of each ſide 
of the Pate of the largeſt pyramid. Theſe are 
not the feet of the itinerary meaſure, that we have 
tound by many compare to be to the Paris 
foot, 
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foot, as II to 12. For in this proportion the 
baſe, which has been found to be 780 Paris feet, 
ougght to be 702 feet of the ancient itinerary mea- 
ſure, inſtead of 883 that Pliny allows them. 
There is then 181 feet difference, which makes 
more than 4 of 702. This meaſure is therefore 
to the ancient itinerary foot, which we found be- 
fore to be equal to the modern Roman foot, as 
12 to 15, and a little more, and exceeds the mo- 
dern Roman palm only 135 which is to the Roman 
foot, as 12 to 16. It is therefore probable, that 
Pliny's was a foot of architecture of different mea- 
ſure, from the Roman foot and palm. 

There is alſo a more conſiderable difference in 
the meaſure of the ſquare place, which remains 
at the top of this pyramid. Pliny makes its breadth 
25 feet; Gemelli relates it to be 16 feet 1. In 
proportion to the meaſure of the baſe, as 68 a, 
the meaſure of Gemelli is to 883 the meaſure of 
Pliny, fo 16 feet + are to 21 feet 3, inſtead of 25 
that Pliny gives un There is 3 feet + difference, 
we may attribute it to the deſtroying of the 
cruſt of marble with which this pyramid muſt 
have been covered, in the time of Pliny, as the 
other pyramids, one of which remains at pre- 
ſent covered at the point, the reſt having been de- 
moliſhed. The thickneſs of this cruſt muſt have 
been a foot and 3 of Pliny's meaſure, This di- 
minution of the baſe, which has happened ſince 
Pliny's time, does not ſenſibly vary the proportion 
of diverſe feet that we have examined, and does 
not ſettle the different dimenſions that are given. 

If it is ſo difficult to make the meaſures of the 
ſame baſe agree, which ſubſiſt always without 
ſenſible variation, and which we may meaſure 
exactly without difficulty, we may judge how 
difficult it is to be aſſured of the diſtances of 


towns. 
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towns which have not actually been meaſured, 
but have been determined by the groſs eſtimate 
of the time commonly *ſpent in paſſing from 
one to the other. We muſt nevertheleſs have 
the diſtances from one place to two others, of 
which the ſituation is known to determine with re- 
ſpect to them the poſition of a third by triangles. 
Inevitable errors multiply according to the mul- 
titude of places, and there remains no better way 
of correcting them, than by the obſervations of 
ſtars made in places very diſtant from one another. 
The meaſure uſed by pilots. 

The pilots of the Mediterranean allow 75 
miles to a degree. Thoſe of the ocean allow only 
60. The ancient [talian miles are to the modern 
miles as 60 to 75; for the ancients make the di- 
ſtance from Bolonia to Modena 25 miles; and 
the moderns reckon only 20 miles from one of 
theſe towns. to the other. Therefore thoſe of the 
Mediterranean make uſe of the ancient miles, 
which are to this day in ule in ſeveral provinces 
of Italy; and thoſe of the ocean make uſe of the 
modern miles, which are in ule in other provinces. 
The modern meaſure has this convenience, that 
it takes a minute for a mile; whereas the ancient 
allows to each minute a mile and a quarter. We 
may accommodate ourſelves to the uſe of both. 
If we give 5 feer to the ancient pace, as they do 
in [ialy, a degree of 75000 paces will be 375000 
feet; and ſuppoſing a degree of the circumfe- 
rence of the earth 343,000 Paris feet, as we 
have found it pretty near, this ancient Halian 
foot would be to the Paris foot, as 343 to 375, 
or as 11 to 12 5; and if we give to the mo- 
dern Italian pace 6 feet, the degree of 60 miles 
will be 360, ooo feet, the modern Ialian mile of 
1 minute, will be 6000 feet, which will be to the 
Paris 
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Paris foot, as 344 to 360, or as 44 to 45. If there 
are more or leſs Paris feet in a degree, the pro- 
portion of the Paris foot to the Italian foot will 
be a little different, unleſs there happens ſome va- 
riation in the number of the ancient or modern 
Italian feet in a degree. For we obtain it, as 
the ſeamen do from the diviſion of the degree, 
by the approximation of theſe: meaſures to thoſe 
of ſome country of Italy, from whence they have 
taken the name; altho' the feet, which we call 
modern, approach more to the common feet of 
France, than to thoſe which are in uſe in the 
greateſt part of the towns of Ian. We allow 6 
of them to a pace, as Heroaotus has done, con- 
trary to the ancient and modern cuſtom of Ttady, 
by this means bringing it nearer to the Paris 
foot, and imitating the diviſion of the toiſe into 
6 feet, having ſeen that the pace of Bolonia is 
much nearer to the Paris toiſe, than the Paris foot 
is to the Bolonian foot. By this means a minute 
of a thouſand paces has 6000 feet ; a ſecond has 
100 feet, as a degree of 60 minutes has 60,000 
_ toiſes, which are very convenient numbers to uſe, 
and eaſy to be calculated. 

Of the trigonometrical meaſure. 

It muſt be obſerved, that in the trigonometrical 
table, where the ſonic diameter of the circle is 
ſuppoſed to be divided into 10 millions of parts, 
a minute as well as its ſine and tangent, which 
do not ſenfibly differ in ſo ſmall an arch, is 
marked with 2909 parts. Doubling the radius 
and the arch, we ſhall have the ſemi-diameter of 
20 million of parts, a minute of 5818 parts. 
But a minute is 6000 geometrical feet, and 58 18 
is to 600G, as 32 to 33. We may then eſtabliſh 
a trigonometrical foot, which ſhall be to the geo- 
| metrical or modern Italian foot, as 33 to 32. 

. ' We 


4 


384 The HisToky andMEMoIRs' e the 
We may find the proportion of this foot to 
any other, when we have found how many other 
feet make a minute of a great circle of the earth. 
We may, in fine, eſtabliſh a fathom» of 2 trigo- 
nometrical feet, of which there will be 10 — x 
lions in the ſemi-diameter of the earth; thus all 
the numbers of the table will be ſo many trigono- 
metrical fathoms of two feet, of which there are 
2909 in a minute, and 48 f in a ſecond, as we 
ſee without calculating at che head of the table. 
The third part of the numbers of the table will 
be ſo many trigonometrical toiſes, of which there 
are 970 in a minute, and 16 in a ſecond. 5 
Theſe meaſures of geometrical and rrigono- 
metrical feet and fathoms, are means between 
different feet and fathoms, which are eſtabliſhed . 
by different nations. We may then take them for 
univerſal invariable meaſures. Thus, if it is 
aſked how many miles, feet, or toiſes are in a 
determinate arch of the circumference of the 
earth, we need only take the number of minutes 
contained 1a the arch propoſed for the number of 
geometrical miles, multiply them by 1000 to 
have the number of geometrical paces or toiſes, or: 
by 60,000 to havethe number of feet ; thusa degree 
of 60 minutes will be 60,000 toiſes. The whole 
circumference of the earth, which is 360 degrees 
will therefore be 21,600,000 geormetbical toiſes, 
or 21, 600 [talian miles; and. becauſe the cir 
cumfcrence is to the ſemi-diameter as 44 to 7, 
or as 220 to 35, or -21,600 to 3, 436, the 
ſemi-diameter of the earth will be 3436 geome- 
trical miles or modern Italian ones. The half 
1718 will be the number of geometrical leagues 
almoſt equal to the ſmall league of France, as 
thoſe which they reckon from Paris to Orleans. 
We may take a third for the mean ones which 
6 5 N approach 
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yproach to thoſe of Auvergne, and a quarter for 
the greateſt which approach to thoſe of Languedoc. 
As for the trigonotnetrical meaſures, the femi- 
diameter ofthe earth being ſuppoſed of ro,600,060 
trigonometrical fathom, the citcumſerence will de 
62,8 31,832 fatoms. ne 
The third part of theſe atmbes will give the 
trigonometrical toiſes. The ſemi· diameter of the 
earth will then be 3, 333,333 trigoriometrical 
toiſes, and the circumferences will be 20,943,950 
trigonometrical toiſes. The 15% c patt of 'theſe 
two numbers will Sire the trigonometrical 
mieses = | 
The Kn dnmeter of a. earth will: then be 
3333 trigonometrical miles, and the cireumfe- 
rence 20,944 trigonometrical miles. a 


Of the Borary neaſures. 


] have tried ſeveral times in going to Fontain- 
bleau, and back again a good pace in a coach, 
that in the plain of Longbeyau, which has been 
meaſured exactly, one travels 5 minutes of the 
circumfetence of the earth in an hour. A man 
on foot would go 4 this way in the ſame time, 
and a degree in 24 hours; and if he was to tra- 
vel 12 hours in a day, in a like road, with the 
fame quickneſs, he would 80 round the "Wee in 
two years. 


* . 
7 


IV. Riley ons on the 13 if the 4. 
related by Snellius, in his book intitled, Era- 
toſthenes Batavus, iy M. Caflini the Jen. 


Vn ellius + meaſured on a : plain near Leyden, a | 
baſe of 326 Rhinland perches and 4. feet: the 
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perch contains 12 feet, and the proportion of the 
Paris foot to the Rhinland foot is, according to 
M. Picard, as 1440 to 1390) he took from the 
extremities of this baſe, with a ſemi - circle of 3 
feet 3, the angles with the towers of Leyden and 
Soeterwoude, and he determined their diſtance to 
be 1092 perches. By this diſtance, he determi- 
ned the ſituation of the greateft part of the towns 
in Holland, and of ſome in Flanders by trigono- 
met ry. The. two towns where he obſerved, which 
are moſt to the N. and S. are thoſe. of Alkmaer 
and Bergen op Zoom. He transferred to Alkmaer 
a meridian line, that he had drawn at Leyden, and 
having found the angle that the line drawn from 
Allmaer to Bergen op Zoom made with the meri- 
dian, he determined the part of the meridian in- 
tercepted between the parallels of theſe towns to 
be 34,018 perches. « 

He afterwards obſerved with a quadrant of 
g feet + radius, the height of the pole at both 
thefe towns. He found that of Aæmaer to be 529 
40 +, and that of Bergen op Zoom 51⁰ 29's 
which is leſs than the preceding by. 19 11' 2, 
and having ſubſtracted 25 perches of the diſtance 
between Alkmaer and. Bergen op Zoom, for the re- 
duction of the places where he had made his ob- 
ſervations, he determined the magnitude of the 
degree of the circumference of the earth to be 
28,473 perches. Having alſo obſerved the height 
of the pole at Leyden, he determined by the arch 
of the meridian intercepted between theſe two 
towns, the magnitude of the degree to be 28, 510 
perches. Taking a -mean between theſe two de- 
terminations, We ave the magnitude of the de- 
gree 28500 Rhinland E or 50 5,021 Paris 


| roiles. 
Snelling: 8 
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Fnelliugs s method is the ſame that we uſed in 
the prolongation of the meridian. The baſe 
which he actually meaſured, : appears however 


very ſmall, which might have occaſioned conſi- 


derable errors in the ſeries of his triangles : but as 
he has verified his meaſures by a new baſe, pretty 
near the ſame magnitude, we ſhall ſuppoſe his 
_ obſervations to be ſuch as he relates, and we ſhall 
ſee hereafter what reſults from them, being com- 


pared with the heights of the pole, that I have 
obſerved in ſome towns in Holland, which are 
contained in his triangles. 

During wy ſtay in Holland, whither 1 had 
carried an octant of 3 feet 1 radius, which we 
have ſince uſed in our laſt journey, I obſerved, 
the 10th of Nov. 1697, the meridian height of 
the polar ſtar to be 54? 16' 5” at Rotterdam, 
which is one of the moſt ſouthern cities of this 
province. Going afterward to Alkmaer, which 
is the capital of North Holland, I obſerved the 
meridian” height of the polar ſtar to be 549 58' 
10% The difference between theſe heights is 
42! 5", which is the arch of the meridian inter- 
cepted between the parallels of Alæmaer and Rot- 
terdam, neglecting the difference of refraction, 
which does not amount to 2”, The buſineſs is 
then to know how many toiſes this arch of the 
meridian is, that we may afterwards determine in 
toiſes the magnitude of the degree of a great 
circle of the circumference of the earth. We may 
thus draw it from the obſervations of Snellius. 


Snelluis determines the difference of the arch of 


the meridian intercepted between the parallels of 
Alkmaer and Leyden to be 14, 215 perches. From 
Leyden he obſerved, that the tower of Goude de- 
clines from the meridian 44 49/ towards the E. 
And he determined in the ſeries of his triangles, 
Ccc2 the 


. | |; 
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the angle between Goude and Rotterdam of 
36, 1 which Rotterdam is more to the W. a | 
tower of Rotterdam declines therefore from the. 
meridian of Leyden 19 13 toward the eaſt, and 
the diſtance between Leyden and Rotterdam be- 
ing, according to Szellius, 6972 perches, we 
ſhall have the arch of the meridian between Ley- 
den and Rotterdam 6970 perches, which bang, 
added to the diſtance of A/kmaer and Leyden 
on the meridian, of 14,215 perches, give - | 
diſtance between Alkmaer and Rotterdam of 
21,185 Rhinland perches, which being reduced 
to Paris feet, make 40,913 toiſes. The place 
where I obſerved at Aikmaer, drawn from the 
plan of this town, is 20 or 30 toiſes more to 
the S. than the great church where Sne/lius ob- 
ſerved ; and the place where I obſerved at Rot- 
terdam, is 30 or 40 toiſes more to the N. than 
the tower of the great church, which is probably 
that where Snellius obſerved, ſince it is diſtin- 
guiſhed from. all the reſt by its height, as I have 
obſerved in my journal. | 
The places where Snellius obſerved being there- 
fore one more northward, and the other more 
ſouthward than thoſe of my obſervations, by ad- 
ding their difference, we ſhall have 60 8 
that muſt be retrenched fiom the diſtance between 
Alkmaer and Rotterdam, and we ſhall have in 
the interval 42' 5', which have been obſerved 
between theſe two towns 40,8 33 Paris toiſes, and 
58,245 toiſes for a degree. This meaſure ex- 
ceeds that which we have determined, by the ob- 
ſervations made in the laſt journey, by more than 
1000 toiſes, pretty near agreeing to that which 
Snellius determined by his obſervations... 
This difference appeared ſo conſiderable to me, 
that I thought myſelt obliged to examine. the bo 
tho 
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thod which Suellius uſed, and calculate his tri- 
a, upon the obſervations that he has made, 
related in his book. I have been alſo led to 
it by ſome errors of the preſs, which immedi- 
ately ſtrike the eye, and among others, lib, II. 
p. 173. I. 20 and 21. inſtead of diftantia inter 
Leydam. 2 Rot terodamum, we ſhould read inter 
Goudam 6&9 Rat terodamum, I have therefore firſt 
calculated upon his baſe: actually meaſured the 
diſtance between Leyden and Soeterwoude, which 
agrees with what he has marked. Upon this di- 
ſtance, I have calculated that between the Hague 
and Leyden, which I have found, as well as he, 
to be 4103 perches, and in the triangle AEF 
=_ by the Hague, Leyden, and Rotterdam, 
the pF all AE, between the Hague and Leyden, 
being already known, the 'angle AFE, which 
Leden and the Hague make with Rotterdam, 
being obſerved to be 39653“, and the angle 
| being, that Rotterdam 2 the Hague make with 
L yden, being obſerved to be 539 40, I found the 
2 ne EF, between Leyden and Rotterdam, 
6386 Rhinland perches, and the diſtance AF from 
the Hague to Rotterdam 5154. Snellius, lib. II. 
p. 173. * 12. in the ſame triangle, where he re- 
lates the angles obſerved which I uſed, gives the 
diſtance AF between the Hague and Rotterdam of 
5616, and the diſtance EF. from Leyden tò Rol- 
Zerdam 6972, greater than that which reſulrs 
from the calculation by 586 Rhinland perches, 
which make more than 1100 toiſes. 

Suppoſing the diſtance AE between the Hague 
and Leyden 4103. He afterwards determines in 
the triangle AES made by the Hague, Leyden, 
and Goude, the diſtance ES from Leden to 
Goude 5898 perches ; and having obſerved from 

the two extremities of this baſe, the angles at 
| Rotterdam, 
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Rotterdam, he determines” in another triangle 


ny 


EFS made by Leyden, Goud?, and Rotterdam, ; 
the diſtance EF beten Leyden and Rotterdam to. 
be 4883. In calculating this triangle upon his 


vari, I found the diſtance from [Leyden to 
| Rotterdam 6972, the ſame as he had marked in 
the preceding problem miſplaced, and the diſ-- 
tance between Goude and Rotterdam 4883, which 


ſhewed me, that inſtead of Leyden, it muſt be 
read Goude, and that it is only an error of the 


preſs. But I know not how to reconcile theſe two 
determinations of the diſtance EF from Leyden 


to Rotterdam, which reſult from two different 
triangles, one of 6386, the other 6972. The 


firſt determination is the moſt immediate; but 


the ſecond is thar, upon which he has eſtabliſhed 
his meaſure, and is verified by other triangles; 
but there is no angle obſerved at Rotterdam. We 
may therefore conclude, either that the obſervations 
of the angle of the firſt triangle AEF are faulty, or 
that he has miſtaken another place for Rotterdam; 
and then there would be no error in his meaſure. 
This would be at leaſt a fact that would de- 
ſerve to be proved, and this might be eaſily ex- 
ecuted by a perſon, who ſhould be upon the ſpot, 
by making a ſtation upon the top of the tower of 


| Rotterdam, and obſerving from thence the an- 


gles between the Hague and Leyden, Gouae, 
Dort and Willemſtadt. | 


Let us now examine the reſult of the diſtance | 


from Leyden to Rotterdam determined by the 


firſt triangles. I have already ſaid, that the tower 


of Rotterdom declines from the meridian of Ley- 
den 19 15 toward the eaſt, and ſuppoſing the 
diſtance EF, from Leyden to Rotterdam 6386 
perches, as we have uſt found by the triangle AE, 
we ſhall have the arch of the meridian between 
| s 7 Leyden, 
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Lagen and: Roter dam 6384, which being ad- 
dec tog the arch of the meridian between Leyden 
and Alkmaer:;.of 11421 f, gives the diſtance be- 
tween the. parallel of Alkmaer; and that of -Rotter- 
dam. of- 20,599 Rbinland perches, or 399767 
Paris toiſes; and; retrenching 60 toiſes, for the 
difference between the places where I obferyed and 
thoſe of Snellius, we ſhall have 39,707 toiſes 
for 42' 5", and fora. degree 56, 61 2 toiſes. 
This meaſure differs very much from that 
which we found at firſt; it exceeds that of Snel- 
lius by 1608 toiſes, and is leſs by above 400 toiſes 
than that which M. Picard has determined be- 
tween the parallels of Sourdon and Malvoiſiue. 
But, to leave nothing that may ſerve to clear 
this ſubject, L ſhall here examine what reſults 
from the obſervations made at Alkmaer and the 
Hague. T have not obſerved in the laſt town the 
height of the: polar ſtar; but I have ſeveral times 
taken the meridian height of the ſun, by which 1 
have determined the heigſit of the pole to be 32 
4 13“. The height of the pole at Alkmaer 
drawn from the obſervations of the polar ſtar, is 
52 38' 34%, the difference between the parallels 
of this town and of the Hague, is therefore 34 
21%. Snellius has obſerved from Leyden, that the 
tower of the Hague declined 3222 from the me- 
ridian. The diſtance from Leyden to the Hague 
being therefore allowed to be 4103 perches, we 
ſhall have the difference between the parallels of 
_ theſe: two towns. 2505, which being added to 
14.213, the diſtance from Leyden to Alkmaer up- 
on the meridian, gives for the difference between 
Aultmaer and the Hague 16, 720 perches, which 
agree with 34 21“ of latitude. Neglecting the 
difference between the ſtations of Snellius, and 


thoſe where 1 obſerved, becauſe 0 are hardly 
| = . ſenſible 
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ſenſible we ſhall haue the magnitude of the de- 
gree 29206 Rhinland perehes, or 36, 39 2 wiſes; 
which gives a ſtily is determination than that 
which reſults from the laſt compariſonß, wherein 
vr ſuppoſed the diſtante from Lender to Rotter. 
dam 6386 petches, the fame as we have found b 
the calbulations from ehe rules which he retites.” 
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V. N 6 oh 4: ferent. manner 57 ; 
naging the common ears,'. aug - 
bars, lately prafu(ed by the Steurdu Guet, 
- by M. e  Tronflated by Adv. 
Chambers. % 10 Alling, tl! d 3 
71 1 ee 10 34 
| ne der of * effeAiof:.cominatdinns and 
the velocity they are capable of giving gi are 
to confider them in a galley, a veſſel to which 
in all ages men have endeavoured. wa the 
advantages poſſible. * ec: 1125 
Now a common 3 PIs: be ns 
ſide; each: oar being 36 fert long: whereof 2 
feet are out of the galley, and 12 within; bat 
the part within is proportionably bigger, and be- 
fides is fortified with wood in order to balance 
the part without: the fricrum or point of ſup- 
port, being on the edge of the galley; The ent 
of the oar which enters the water, called the blade 
thereof, is half a foot broad, | and: about 5 feet 
long; fo that each oar ſtickson a ſurface of wattr 
2 feet 4, and the 26 oars on 65 feet, and that there 
are 5 men to each oar. We may therefore con- ; 
fider that 26 oars as all connected, acting: at 
the fame time, and impelling 65 ſquare feet of 
water with the ſtrength of 130õ men. 
The rowers exert unequal forces. He at the 
end of the oar works hard, as moving at each 
March 1, 1702 ſtroke 
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ſtroke or ſtretch of the dar, the ſpace of 6 fect, 


but the others leſs in proportion, and the next 
the fulcrum ſcarce ſtirs; fo that when they are to 


continue rowing any time, they are obliged to 
relieve and ſucceed each other, which makes a 
little hindrance. 


The ſtroke may be conſidered, as conſiſting of 5 


3 parts: in the firſt, the men recover and raiſe 
themſelves; in the ſecond, they carry the oar 
forwards ; 'the foreman advancing a ſtep, and 
ſtretching his body before the ſtern ; in the third, 
they recline or throw themſelves backwards, with 
the arms upwards, in order to plunge the blade 
in the water: which laſt motion alone tends to 
make the galley advance. It muſt be obſerved, 


that at the ſame time the fall of the whole crew - 


of 260 men, makes another impulſe or impreſſion 
on the galley, tending to fink it deeper, which 
of conſequence muſt retard its velocity ; fo that 
the motion is performed in jirks, or ſhakes. 

We have obſerved, that a galley rowed with 
all the ſtrength it can maintain for a continuance 
of time, in a ſtanding water, does not give a- 
bove 24 ſtrokes in a minute : and that the firſt 
oar falls into the ſame part of the water, as the 
ſeventh : ſo that at each ſtroke the galley ad- 
vances the ſpace of 6 banks, which is 3“ fa- 
thoms; and conſequently 72 fathoms in a mi- 
nute, and 4320 fathoms in an hour, which makes 

5 good miles or 1 league; in an hour. This calculus 
I have compared with ſeveral. experiments and 
obſervations, from all which I am confirmed, 


that a galley in a full calm, cannot go 2 leagues | 


an hour, for a continuance : ſuch is the rate at 
which the common oars will carry us. 


* Ie is taifes i in the original, 
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Nou ſuppoſing the turning oars to be 12 feet 
from the centre of their motion, to the tip of the 
blade, making them dip. 6 feet in water; and 
placing the point of ſupport 5 or 6 feet above 
the water line: the blade may be 3 feet broad, 
if required, or even more, which will impel 18 
ſquare feet of water continually, and without in- 
terruption, with a force greater or leſs, according 
to the number of perſons applied to the handles, 
who all exert an equal force, and only move 3 
feet, which they may continue to do much lon- 
ger than the foreman of the common galley, who 
moving at double this rate, 1s ſoon thrown into a 
ſweat, and obliged to work naked. 

The velocity of the galley in this caſe of turn- 
ing oars, is eaſily eſtimated, if they only make 
one turn or revolution in 10 ſeconds, the velocity 
will equal that of the common galley, by reaſon 
the turn is equal to 12 fathoms : ſuppoſing, as 
we have done for the common oars, that the 
water does not give way in the leaſt, But for a 
greater juſtneſs in the eſtimate, we ſhould find by 
repeated experiments in known diſtances, how 
much the water yieids or gives way in propor- 
tion to the velocity of the turns, and we ſhall 
have the greater accuracy the more of the turn of 
theſe oars exceeds the ſpace advanced at a ſtroke 
with the common ones. | 
There is no doubt but the ſtrength, for inſtance, 
of 100 men, acting contiru lly on a bulk of wa- 
ter of 18 ſquare fret on a ſide, will ſoon put the 
largeſt veſſel in motion; ſince a common cha- 
loop makes itſelf felt, notwithſtanding the incon- 
veniences of ſuch towage. 

am perſuaded therefore, that ſuch oars would 
be of great advantage to large veſſels, and even 
more than to ſmall ones, by reaſon: beſides the 
great 


* * — 
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great number of hands they have in readineſs to 
work them, there is more room for the ſlights of 
the hand les, to make them move without any 
embarraſs, which cannot eaſily be done in a ſmall 
veſſel, where the ſpace between the two decks is 
but ers and uſually much encumbered. 


VI. An obſervation on a. column of 1 gb. ſeen, 
at the obſervatory, May 11, 1702, in 
the morning, by M. de la Hire 9 20 


4 obſerved a great luminous ray „ 
to the horizon, and equal to the diameter of the 
ſun, in its whole height, which was about 9 or 


10 degrees. This light appeared ſome time be- 


fore the riſing of the ſun, and we ſaw it again 
after it roſe. The heavens were overcaſt with 
little clouds, lying along the horizon, which did 
not hinder the ſun from being ſeen very plainly; 

they only made little black bands and jaggs to- 
ward the edges: but the vertical diameter of the 
ſun at its riſing, appeared to me at leaſt equal to 
the horizontal. 


In the memoirs of the academy: for the year 


1692, there is related an obſervation of M. Caſ- 

/mi*s, of a light almoſt like this. M. Caſſini 
lays, that this phenomenon is very rare, and that 
he never ſaw but one like it, which was in 1672. 
But both theſe obſervations having been made af- 
ter ſun-ſet, he could not ſee the ann of the 
ſun with this light. 

We f may explain the light that I have ob- 
ſerved in this manner. It is certain, that all the 
parhelia, and theſe appearances of light, never 
appear when the air is very ſerene, and that we 
ſee them generally toward the horizon, when it 
* May 17, 1702. Plate XVII. Fig. . 
414 D d dz : 18 
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is full of little, long, thready clouds. Beſides; 
it is manifeſt, that there hon to the rays of 
the ſun, which met theſe clouds, the ſame thing, 
as that which we perceive when we look at the 
light of a candle through a glaſs that is a little 
greaſy ; and when we rub it a certain way with 
the hand ; for it then makes an infinite number 
of little furrows, of which the elevated part re- 
turns the light toward the eye, and we ſee theſe 
rays extended according to the perpendicular in 
the direction of the furrows. The ray of light 
muft appear pretty near equal to the diameter of 
the luminous body for only thoſe which meet 
the direction of the furrows perpendicularly, can 
be reflected toward the eye, the others which are 
oblique turning away from it, as we may try up- 
on a thread of glaſs, by looking at a candle 
| through . 
The ſame thing muſt happen to che little threads 
of the clouds, or to the little long: parts lymg 

this way, of which they are 1 as to the 
little furrows * mentioned, _ 


VII. Obſervations made by ' means of the 
vurning-glaſs, by M. Homberg. 


The great burning mirrours, which we have 
uſed till now, have been concave, . which reunite 
exactly the rays of the ſun, and make a very 
burning focus: but as this focus is made from re- 
flected rays, which are united upwards, we are 
obliged to hold the ſubſtance in the air which 
we would expoſe to it, without being able to ſup- 
port it in any veſſel. As ſoon as this ſubſtance is 
affected by the heat of the focus it begins to melt; 
when it is melted, not being ſupported by any 
4 thing, 
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thing, it runs and quits. the focas, and  confequently 
receives no more impreffion from it, fo that we 
cannot make any continued experiment by theſe 
ſort of burning mirrours. Thus they have only 
ſerved for. — without any uſe ; this has 
made us wiſh for great. glaſs lem, thro? which 
the rays of the ſun paſſing, would make a forus 
downwards, to which we — expoſe the fub- 
_— ſupported in convenient veſſels, as long as 
pleaſe 3 which would not only give an op- 
— of making continued obſervations, but 
alſo experiments, which are abſolutely impoſſible 
with the concave mirrours. 

The duke. of Orleans having fix months ago 
brought one of theſe glaſs /ens*s, of 3 feet diame- 
ter, made by M. Tſchirnbauſen, one of our aſſo- 
ciates, ordered me to make uſe of it for examining 
all ſort of fubſtances, which I do as oſten as the 
ſun permits me. I relate here ſome of the moſt 
extraordinary obſervations that this glaſs has fur- 
niſhed us with; by which we fhall fee that gold 
and filver are volatile metals in the fire of the king 
as other metals are in the fire of our furnaces. 

Sold eaſily melts. with the burning-glaſs ; and 
it diſappears at length three ways, which differ 
from one another according to the degree of heat 

to which they are expoſed. | 
Pine gold reduced to a calyx by ſpirit of falt 
melted with the ſun, fumes at firſt very much, 
and changes a part of it quickly into a glaſs of a 
very deep violet colour. 

Fine gold, reduced to a celx by quickſilver, 
| melted with the fun fumes at firſt very much, 

and quickly changes a part of it into a tran- 
ſparent cryſtalline glaſs without colour; but if 
we hold this glaſs for ſome time in fuſion with 
the gold, it loſes its tranſparence, and becomes 

3 opake 
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opake by degrees, at firſt the colour of opal, then 
white as milk, afterwards it grows brown at the 
ſummit of the drop, and at laſt the drop of glaſs 
becomes of a deep brown, inclining to a green. 

This glaſs ſwims upon melted gold, ſometimes | 
whirling about all ways, ſometimes running over 
it in a right line, and waving, changing place 
with a very great velocity, without fixing to the 
veſſel. which contains the gold, unleſs the veſſel : 
itſelf begins to vitrify, Then the glaſs of the 
gold, and that of the veſſel mix together, and 
fix themſelves to the veſſel. 

When the fine gold, that we would melt ke 
the ſun, is not ina calx, but in a maſs, there does 
not at firſt appear any glaſs upon) it, but it is 
formed by degrees; as thus: 

The gold Which I ſuppoſe to be pure, hes ; 
firſt it 18 ; melted, appears in-a.drop, fair and clean. 
like a looking-glaſs, but ſoon after its ſurface: be- 
comes as if we had thrown duſt upon it: this 
duſt very quick'y gathers into a little drop of whi- 
tiſn glaſs, upon the middle of the melted gold, 
leaving the whole ſurface of the gold for a mo- 
ment very clean and clear, as it was in the begin- 
ning of its fuſion; after which the ſurface of the 
gold appears again duſty : this powder at firſt co - 
vers the whole ſurface of the gold, like a general 
ipot, which diminiſhes its breadth by degrees, 
but pretty quickly, till it terminates upon the 
middle of the maſs of gold, and enlarges a little 

the firſt drop of glaſs that was formed by the 
— firſt duſt. It does this ſucceſſively, during the 

whole time that we held the gold in fuſion to the: 
ſun. 
When the little drop: 4 glaſs is come to ) the 
ſize of a very ſmall pea, its weight makes it run 


towards the edges of the melted gold, and then. 
the 
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the duſty ſpots make a new little drop of glaſs, 
which becoming a little bigger, runs alſo towards 
the edges of the melted gold; this joins to the 
firſt and makes it bigger, and then the third little 
drop of glaſs begins to form itſelf. 

The whole maſs of gold will change this way 
into glaſs; but to the end that this may happe 
it muſt be obſerved not to hold the melted — 
exactly to the focus of the two burning: glaſſes; it 
is well to preſent it to it from time to time to 
ſtrengthen the fuſion, and then to take it away a 
little; for the true focus of our two glaſſes is too 
violent to hold long in fuſion any metal what- 
ſoever. 2 | 
For the metals which are hard to melt, there 
are three ways of placing them to the focus, 
which produce three different effects. The firſt 
is to the exact point of the focus. The gold be- 
ing held in this place a little while, begins to 
crackle and throw out little drops of its ſubſtance, 
to 6, 7, and 8 inches diſtance, the ſurface of the 
melted gold becoming very ſenſibly prickly, 
like the green ſhell of a cheſuut. 
All the ſubſtance of the gold loſes itſelf this way, 
without ſuffering any alteration ; for if you ſpread 
a ſheet of paper under the veſſel] which contains 
this gold that crackles in fuſion, we ſhall gather 
upon this paper a gold powder, of which the little 
grains being viewed through a microſcope, ap- 
pear to be little round balls of gold, which may 
be again melted into a maſs. | 
The ſecond way to place the gold in fuſion, is 
to draw it a little from the true focus, till you 
ſee that the gold does not appear any longer 
prickly nor ſparkles. In this place the gold vitri- 
fies, as we have jtſt mentioned, which is a true 
changing of the ſubſtance of a heavy, malleable, 
| ang 
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and ductile metal, into « lehr, brittle, and ob- 
ſcurely cranſparen 7. — 

The third way to o place the gold in fuſion, is 
to draw it ſtill a little farther from the true focus, 
than it is in the vitrifying place, and here it only 
fumes ; its loſs there is very flow, and we are 
obliged now and then to bring it neauer to che 
focus, to prevent it from fixing. 

Theſe are the 3 different changes that fine gold 
ſuffers at the burning-glaſs z namely, to evapo- 
rate in fume, to ores of into glaſs, and to fly into 
the air by little gra | 

It is pretty near — ſame with fine Glver, but 
with theſe differences, that filver fumes much more 
than gold, that it goes away incomparably faſter 
in fume, that it ſparkles at the leaft heat, and 
that it does not vitrify entirely in the fame man- 
ner as the gold. 

Silver refined with lead fumes an 
and the ſurface becomes duſty, as we have ob- 
ſerved in that of the gold; but the powder which 
it makes does not melt into glaſs, as it does with 
the gold, for it is white and light as flower, it 
oathers in fo great a quantity, that there 1s the 
thickneſs of more than + a line over all the ſurface 
of the filver, when we hold it about a quarter of 
an hour together to the ſun, and during this time 
a dram of ſilver has loft 26 grains, that is, more 
than 3 of its weight. 

Silver refined with antimony Eames yet more 
than that which is refined with lead, and the pow- 
der that it makes upon its ſurface, melts into 
glaſs as does that of gold; but this glaſs does not 
keep in a drop upon this ſilver, as the glaſs of 

Id does; on the contrary, it ſpreads over the 
| Whole ſurface, as if it was a yellow varniſh. This 


glaſs is volatile, and crap in fume, with 
the 
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the maſs. of its filver, in which it differs from 


the glaſs of gold, which does not go off in füme, 
and differs alſo from the powder gathered upon 
the ſilver refined with lead; for this powder in- 
creaſes more and more upon the filver expoſed: 
to the ſun, but this varniſh does not ſeem to in- 
creaſe by expoſing it a great while to the ſun 
upon the ſilver. 

When fine gold and ſilver have been for ſome 
time melted w. the ſun, they are with difficulty 
melted with the common fire, and their diſſol- 
vents do not diſſolve them ſo faſt, nor with ſo 
much ebullition as they did befare, which is ob- 
ſerved more ſenſibly in gold than in filyer. 

It would be well here to give the reaſon why a 
glaſs i is formed upon gold and ſilver refined by 
antimony, and why upon ſilver, refined with lead, 
it only makes a powder which does not vitrify at 
all? Why theſe glaſſes and this powder have not 
the ſame weight as the metals, which have pro- 
duced them? Why gold melted for ſame time in 
the ſun, melts with difficulty with the common 
fire? And why ſpirit of ſalt diſſolves it almoſt 
with out ebullition ? 

To give the reaſon of all theſe facts, I find 
myſelf obliged to ſay before hand, 1. What the 
fire of our furnaces appears to be. 2. In what 
manner it acts. And, 3. the difference I believe 
there is between the common hoe, and the fire of 
the ſyn. | 

I ſay therefore, has the fire, which we com- 
- monly uſe, or flame, is nothing but a liquid com- 

poſed of the matter of light and of the oil of the 
wood or coal; this fluid, or flame, is much 
lighter than the air that ſurrounds it, and being 
preſſed on all ſides but unequally by the air, it is 
driven by it continually to the ſide where it is 

Vol. I. Ne. 11. Ee e leafs 
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leaſt preſſed, which is uſually upwards with re- 
gard to us, or from the earth. 

The particles of the flame are very ſmall, and 
capable of paſſing into the interſtices of the moſt. 
ſolid bodies, being driven violently againſt theſe 
bodies by the air, "of which the preſſure is more 
or leſs violent, according as this air 1s more or 
leſs condenſed by the cold, by<he wind, or by 
an artificial blowing, ſuch as bellows, reeds, Se. 

The violent paſſage of the flame acroſs the 
bodies, which are penetrated by it, diſorders and 
diſunites the parts of theſe bodies : this diſunion 
produces in ſome an entire diſſolution of their 
parts, as it happens to all bodies reduced to aſhes ; 
in the others, it only produces a ſirnple fuſion, 
as it happens in metals and bodies, that vitrify, 
of which the particles reunite and become again 
a ſolid body, as ſoon as the violence of the flame 
begins to ceaſe : but as the interſtices of theſe fu- 
fible bodies preſerve the traces of the flame which 
has penetrated them, theſe interſtices remain 
greater or leſſer in the coagulation of theſe bo- 
dies, according as the flame has been more or leſs 
great, and as there remain more or leſs parts in its 
interſtices. Thus much for the common fire. 

The fire of the ſun is only the fimple matter of 
the light, which is diſperſed in the air, without 
the mixture of any oily ſubſtance of wood, or 
the like, driven by the ſun. 

This matter being reunited by a burning-glaſs, 
and driven 1n a pretty large quantity againſt any 
| ſubſtance whatſoever, penetrates it, croſſes it, and 
diſunites the parts almoſt in the ſame manner, as 
we ſee the common fire to act. 

The firſt ſenſible difference of theſe two fires, 
conſiſts in this, that one, which is the ſun, is a 


ſimple matter, whoſe parts are infinitely ſmaller 
than 
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than thoſe of the common fire, which conſiſts, as 
we juſt ſaid, in a groſs mixture of the oil of the 
wood with the matter of the light. 

The ſecond ſenfible difference of theſe two 
fires 1s, that the air, which is heavier than the 
flame, drives the flame according to the laws of 
the equilibrum of fluids, without which the flame 
would have no motion; whereas the fire of the 
ſun 1s driven by the ſun, without the air contribu- 
ting any way to its action, which is plainly proved, 
becauſe the flame cannot ſubſiſt nor act in a place 
void of air, and becauſe the rays of the ſun act 
with as much violence in a vacuum, as in the 
open air. | 

Knowing therefore the principal differences of 
the nature of theſe two fires, we muſt examine 
alſo their different effects. | 
We have obſerved before, that the pores or in- 
terſtices of fuſible bodies, preſerve after their fu- 
ſion, the traces as well of the common fire, as of 
that of the ſun, which is plainly ſeen by the in- 
duration and boiling of the metals. 

We have alſo obſerved that the flame, accord- 
ing as it is more or leſs thick, leaves in the pores 
of the body which it penetrates, a part of its ſub- 
ſtance, which is proved alſo, as well by the 
weight that certain bodies acquire in their calci- 
nation, as becauſe certain metals which are ſoft 
under the hammer, become brittle if we melt 
them, or if we make them red hot in a coal 
fire. 
This being ſuppoſed, we muſe imagine that a me- 
tal, for example, gold, having been melted with the 
ſun, mult have its pores or incerſtices more cloſe, 
than if it had been melted by the common fire, 
ſince the ſubſtances, which have paſſed through 
tne pores of theſe two different maſſts of gold, 
ä * are 
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are very different in thickneſs. And as theſe 
pores do not remain void, the matter which is 
introduced into thoſe of gold melted by the com- 

mon fire, which are large, muſt be in a greater 

abundance than they are in the pores of gold 
melted by the ſun, which are ſmall. 

| We muſt alſo conſider, that the points of the 
ſpirit of ſalt, which are diſſolvents of gold, muſt 
drive out its foreign matter which poſſeſſes them, 
and that a greater quantity of this matter muſt go 
out of the pores which contain much of it, than 
there muſt out of thoſe which contain but a little. 

And as it is only this foreign matter, which is 
introduced into the pores of a metal, that makes 
the bubbles which appear in the diſſolution of a me- 
tal, there muſt be much more ebullition in the diſ- 
ſolution ofgold that has been melted by thecommon 
fire, than in that which has been melted by the fire 
of the ſun. Beſides, we ſee that in the diſſolution of 
this firſt, there are many more of theſe bubbles 
very ſenſible, and that in the other, there are ſo 
few, that thoſe who have been preſent at this ex- 

eriment have hardly ſeen any. 

We have alſo obſerved, that gold which has 
been melted with the ſun, melts with much more 
difficulty at the common fire, than it did before 
it had been melted with the ſun. It is eaſy to 
underſtand the reaſon of it, if we ſuppoſe, as we 
have done, that the pores of gold melted by the 
{un are more cloſe than thoſe of gold melted by 
the common fire, and that the parts of the flame, 
or of the common fire, are groſſer than thoſe of 
the fire of the ſun, 
| It muſt follow from hence, that the cloſe pores 
of gold melted by the ſun, give a more diffi- 
culc 1 paſſage to the groſs parts of the flame, than 
Co the larger pores of gold melted by the common 


fire; 
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fire; or which is the ſame thing, the common 
fire with greater difficulty puts in fuſion the gold 
which has been melted by the ſun, than that 
which has not. N 5 | 

We have alſo obſerved, that the glaſs of gold 
is lighter than a like bulk of gold is. To 
underſtand the reaſon of it, we muſt imagine that 
the parts which a perfect metal is compoſed of, 
are of quickſilver, of a metallic ſulphur, and ſome 
terreſtrial matter, that the quickſilver is always 
volatile, and that the metallic ſulphur and the 
terreſtrial matter are fixed, ; 

We may alſo imagine, that the parts of the 
matter of light, or of the rays of the ſun are ſmall 
enough to be introduced even into the compo- 
ſition of the metal, to diſunite the principles, a- 
mong which the quickſilver being naturally vola- 
tile, finding itſelf diſengaged from the metallic 
ſulphur which held it, is carried away in fume 
by the violence of theſe rays: but that the me- 
tallic ſulphur being thus fixed, and remaining 
with the earth of the metal, they mglt together 
and appear afterwards in the form of glaſs ; ſo 
that in this glaſs of gold, there is only found the 
earthy ſubſtance of the gold, melted or vitrified 
by its ſulphur, and as the heavy part of a metal 

is its quickſilver, which does not make any part 
of the glaſs of the gold, this glaſs muſt be lighter 
than the gold itſelf which contains all its quick- 
{ilver. | 
We have alſo obſerved, that the earth of ſilver 
does not vitrify as does that of gold, which pro- 
ceeds probably from this, that filver has much 
leſs ſulphur than the gold; that the ſulphur muſt 
ſerve for a flux to its earth, and that there is not 
enough found in the ſilver to put the earth in fu- 
ſion, and to vitrity it. 
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This 1s confirmed by filver that has been re- 
fined by antimony, the earth of which vitrifies as 
does that of gold, becauſe there remains in this 
filver a part of the ſulphur of the antimony, 
which ſerves for a flux to this earth: but the ſul- 
phur of antimony not being fixed as that of gold 
is, theglaſs which is made with the earth of ilver 
is raiſed in fume with its quickſilver. 

We ſee by theſe obſervations, that the idea 
which we had formed in chymiſtry of the invin- 
cible fixedneſs of gold and ſilver does not ſubſiſt 
any _ 


V III. A d. eſeription of the labyrinth of thi 
dia: 20770 ſome obſervations on the growth 
and generation of” ſtones, by M. Tourne- 


foit. Tranſlated by Mr. Chambers. 


The labyrinth of Candia is a ſubterraneous paſ- 
ſage, in manner of a ſtreet, which, by a 1000 
turns and meanders on every hand, without the 
| leaſt regularity, traverſes the whole inſide of a 
hillock, ſituate at the foot of mount Ida, 3 miles 
from the ancient city of Gortina. The entrance 
of this labyrinth is by an aperture 7 or 8 paces 
wide, but ſo low, that a man of moderate ſize 
can hardly paſs without ſtooping ; the bottom of 
the entrance is very uneven, but the top quite 
flat, and naturally terminated by ſeveral beds or 
ſtrata of ſtones, placed horizontally over each 
other. The firſt thing we meet withal, is a kind 
of ruſtic cavern, the deſcent whereof is very gen- 
tle: but upon advancing further, the place ap- 
pears perfectly ſurprizing. Among the multitude 
of turnings, there is one alley, much leſs intricate 
than the Teſt, which by a path about 1200 paces 
long, 
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long, whoſe extremity divides into two, leads to 
a large beautiful hall at the farther end of the la- 
byrinth: to find this alley, we are to turn en the 
lefr, about 3o paces from the entrance, if any 
other paſſage be taken in lieu of it, after travel- 
ling a good way, we find ourſelves engaged in a 
multitude of nooks and blindholes, which we have 
much ado to recover ourſelves from. 

In half an hour's time we advanced 1160 paces 
in the principal alley, without turning either to 
the right or left; it is 7 or 8 feet high, and roofed 
with a horizontal Hratum of rocks, tho? in ſome 
places one is obliged to ſtoop a little, and par- 
ticularly in a place about the middle to walk on 
all fours, it is commonly broad enough for two 
perſons to walk in front, and the floor very even, 
without any conſiderable riſe or fall; the walls 
are cut perpendicularly, or formed of ſtones which 
had obſtructed the paſſage, and have ſince been 
ranged very neatly, as in walls where no mortar 
is uſed; but there are ſome partings to encounter 
withal, that a perſon would be inevitably loſt, 
without the neceſſary precautions. As we had a 
great deſire to come back again, we, firſt, poſted 
one of our guides at the entrance of the cavern, 
with order to fetch people irom the neighbouring 
town to come to our deliverance, in caſe we did 
not return before night. Secondly, each of us 
carried a large flambeau in his hand. Thirdly, 
we faſtened papers, marked in all the paſſages 
on the right, which appeared difficult to be hit 
again. Fourthly, one of our Greeks left little 
bundles of thorns provided for the purpoſe on the 
left, and another took care to ſtrew chaff along 
the road, of which he carried a bag full under his 
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By this means we made a happy journey, but 
after having well examined the place, we were all 
agreed, that there was no appearance of its be- 
ing an ancient quarry from whence ſtones have 
been dug to build the cities of Gortina and Groſs 
ſus, as Bellonius and ſome modern authors have 
imagined, what probability is there, that they 
would ſeek for ſtones in the receſs of a narrow. 
alley above a mile long, and interſecting by ſuch 
a multitude of other roads, which run through a 
whole mountain, that a perſon is in danger every 
moment of being loſt ? They would much ra- 
ther have opened the quarry in the uſual manner, 
as we find practiſed in the famous quarries of 
Paros and Scio ; how would they get the ſtones 
along in a place only paſſable upon the hands and 
feet, and which yet is upwards of 100 paces long, 
and is certainly all natural? Add that the moun- 
tain is ſo rough and ſharp, that we had much a- 
do to mount it on horſeback ; we looked but in 
vain for the ruts of the waggons, which Bello- 
nius aſſures us he had obſerved therein; ſuch ruts 
however could only ſhew, that they had made 
uſe of waggons to clear the alleys of the laby- 
rinth, not that they had dug in it for ſtones for 
building; it may even be obſerved, that the ſtone 
of this labyrinth is neither hard nor beautiful, be- 
ing of a dirty coloured white, like that in the 
mountain, at whoſe foot the city Gortina ſtands ; 
and as to the city Gnoſſus, it was a great diſtance 

TY 
»Tis much more probable therefore, that the 
labyrinth is only a natural paſſage, which ſome 
wealthy people had amuſed themſelves many ages 
ago with making paſſable, by opening moſt of 
the places which had been too narrow to raiſe the 
roof, they had only to pull down-fome beds of 
I {tone 
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ſtone, which naturally lie in horizontal rata, 
through the whole thickneſs of the mountain; 
and they were at the pains of cutting the walls 

pendicularly in ſome places, and to range 
moſt of the ſtones which obſtructed the pallage 
of the low place, where we fre to creep on all 
fours, they might poſſibly leave untouched, as 4 
document to poſterity, what all the reſt had na- 
turally been ; for beyond this place the alley is ax 
beautiful and commodious as on this fide. As the 
ancient Greeks were ſtruck with every thing which 
had the appearance of grandeur, eſpecially in 
matters of building, 'tis probable they undertook 
to perfect what they found nature had only ſketched 


out. Some ſhepherds perhaps firſt diſcovered 


theſe ſubterraneous paſſages, arid gave room for 
the great men of thoſe times to enlarge them; 
and thus to make that wonderful labyrinth, which 
now only ſerves as a retteat to bats, though it 
may anciently have afforded ſhelter to ſeveral fa- 
milies during the civil wars, or under the reigns 
of tyrants ; for the place is quite dry, and void 
both of drains and congelations. - It may be added 
to this conjecture, that there are two or three o- 
ther very deep natural paſſages in the hills, near 
the labyrinth, which might be formed into the 
like wonders, if it were found worth while: Ca- 
verns are very frequent through the whole iſle of 
Candia; and moſt of the rocks, eſpecially thoſe 
of mount Ida, are pierced with holes, into which 
one may thruft the head, and through them we 
frequently diſcern deep perpendicular caves z nor 
can any reaſon be alledged why there may not be 
horizontal paſſages between them, eſpecially in 
places where the banks of ſtones are laid horizon- 
tally over each other. Tis probably, that they 
who dug the amphitheatre of Douvai in France, 
Vor. I. . 1 were 
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were invited thereto by ſome cavern, whoſe aper- 
ture might be like that of our wells, and the 
beauty, or perhaps the oddneſs of the place, en- 
gaged them to enlarge it, and give it the form of 
an amphitheatre, which ſtill poſſeſſes the cavity 
of a large mountain, all the outſides whereof are 
covered with earth; nor is this leſs wonderful 
than the labyrinth of Candia. Be this as it 
will, 'tis certain the labyrinth, which is now ſeen 
in that iſland, is not the famous labyrinth men- 
tioned by the ancients. This latter was built by 
Dedalus, upon the made] of the labyrinth of 
Agypt, which was one of the moſt celebrated 
buildings in the world, being adorned at its en- 
trance with a vaſt number of -columns, and 100 
times bigger every way than that of Candia, as 
we are aſſured by Pliny, who adds, that there 
was no remains of this latter extant in his time. 

I cannot quit the labyrinth without mentioning = 
a very remarkable obſervation, which I had long 
been ſeeking for to confirm a ſyſtem, which I 
have formerly advanced concerning the vegita- 
tion of ſtones. Thoſe of this labyrinth do ſenſi- 
bly grow, and augment without any room for 
ſuſpecting any foreign matter employed externally 
to them; they who engraved their names on the 
walls of this place, which are all of living rock, 
and are hewn perpendicularly, little imagined, 
that the ſtrokes of their chizels would gradually 
fill up, and in proceſs of time, they ſhould be- 
come raiſed or prominent 2 or 3 lines above the 
naked of the ſtone; ſo that the characters, which 
- at firſt were indented, are now ſo many baſſo 
relievos, the matter thereof is whitiſh, tho? the 
ſtone they ariſe from be greyiſh; and I can no 
otherwiſe conceive them, than as a kind of cal- 
jus formed by the natural juice of the ſtone, 

Which 
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which had gradually oozed or extravaſated' into 
the wound, cut in their ſubſtance much like the 
callus formed between the fibres of fractured 
bones, tho? as the ſubſtance of theſe prominences 
is all rough, and as it were grained, it might 
likewiſe be compared to young fleſh, whichevery 
body knows riſes much in this manner. Some- 
thing of this kind is alſo obſervable in the bark 
of trees, whereon names have been graven by the 
point of a knife; the poet had reaſon to lay, 
that the characters grew as the tree grep. 


Creſcent ille creſcetis amoris. 


i-Before; my departure I ſhewed the academy an 
er, s ſtone, wherein there were callus's- of the 


like kind. Upon breaking this ſtone to ob- 


ſerve its inward ſtructure, I found it covered in 
certain places. with ſeveral ancient callus's, which 
had cloſed the parts which had been broken at the 
ſame.time when it was growing. Theſe callus's 
were only. the nutritious juice of the ſame ſtone, 
which, after uniting the parts, had thruſt about 
half a line thick beyond the ſame, and were at 
length hardened into a kind of folder. The fame 
thing had befallen one of thoſe ſtones brought 
from the Indies, wherein we frequently find chry- 
ſtals, and ſometimes little diamonds. This ſtone 
having been cloven by ſome accident into ſeveral 
pieces, they had been knitted together again by 
a natural callus. 

Theſe three obſervations evidently ſhew, that 
there are ſtones which grow in the quarries, and 
which conſequently are nouriſhed, and that the 


ſame juice which nouriſhes them, ſerves to rejoin | 


their parts, when they happen to be broken. Af- 
ter the like manner, as is obſerved of the bones 


| of animals, or the branches of trees, where care 
"TFT is 
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is taken to. choſe them with a bandage, this 
being ſd, we can hardly make any doubt, but 
that there are ſtones which are organized, for their 
nutritious juice can only be drawn from the 
earth; and this juice miſt have been filtrated 
thro? their ſurface,  wbich we may here; conſider 
as à kind of bark, and conveyed: thence into all 
the other parts. ITis more than probable, that 
the juice, which filled up the cavities of the cha- 
racer graven in the labyrinth of Candia, had: 
been conveyed to the ſur face of this rock from 
the bottom of its roots; nor is there any more 
difficulty in conceiving this, than in conceiving 
how the ſap paſſes from the roots of the largeſt 
oaks and pines tothe tips of their higheſt branches. 
The heart of theſ& trees, tis certain, is extremely 
hard; and that off ebony guaicum, and the 
lignum ferri much harder. Coral is as hard in 
the ſea, as out of it; and what we call fea-muſh- 
rooms, whole ſtryGture! is ſo much admired, and 

which have the conſent of all mankind; for their 
growth, are really ſtone, and fo. like the common 
ſtone, that they are uſed: in America, to make 
lime of. No body, I ſuppoſe, will deny but 
that ſhells likewiſe grow, by means of a nutri- 
tious juice; yet this juice, as well as that, where- 
by the other hard bodies above-mentioned are fed, 
is convc y' into the tubes of ſuch bodies how nar- 
row ſoever they be, as eaſily as into thoſe of 
plants, which are much ſofter. 

It cannot be denied therefore, but that ſome 
ſtones feed themſelves like plants; and there is 
even room to ſuſpect, that they are likewiſe pro- 
pagated after the ſame manner; at leaſt we have 
a multitude of ſtones, whoſe generation can hardly 
be conceived, without ſuppoling that they ariſe 
rom a kind of feed, if I may ule the term, 
| that 


that is, from a germ, wherein the organical parts 
of thoſe ſtones are contained in ' miniature; as 
thoſe of the lergeſt dere are in the W of 
their feeds.” 

The ſtones called cornu ammonis, Japis Judes 

cus, toadftone, aftroites, ſerpent's eyes, with wt 
Boloniaw-and' Florentine flones, the ſeveral ſpecies 
of pyrites, ſea-muſhrooms, chryſtals of the ruck, 
and an infinity of other ſtones, ſuppoſe their fe. 
veral ſeeds as much as common muſhrooms, truf- 


fles, and ſeveral ſpecies" of moſſes, whoſe ſeedy | 


have not yet been diſcovered z how ſhould! the 
cornu ammonis come to be conſtantly in the figure 
of a ſcroll or volute, unleſs we fuppoſe a ſeed 
wherein the ſame ſtructure was contained in little? 
Who was it that moulded it ſo accurately? Where 
are the moulds. 7 S0 far from this, that theſe 
ſtones are found in the ground like common peb- 
bles, notwithſtanding all the enquiry I have been 
able to make in Provence, Poictou, and Norman- 
dy, where theſe ſtones are common enough, I 
have found none of their moulds, nor- any thing 
like them. The ſtructure of the metallic cornu 
ammonis is ſtill more remarkable than that of the 
ſtony ones; the former are likewiſe ſpiral; but 
there are ſome ſpecies of them, where each ſpire 
conſiſts of ſeveral pieces, articulated together by 
ſuitures, like thoſe of the ſkull, as is calily7 per- 
ceived upon breaking them. | 

The lapis judaicus is in the gute of an olive, 
but flattec on the outſide, and roughened with 
little grains; in breaking it always cleaves oblique- 
ly, and glitters like talc to the genus whereof it 
muſt be referred; fince by calcination, it becomes 
plaiſtered, Hike the ſpecies of talc, called lapis 
ſelenites + now the jews ſtones, fare not certainly 


moulded thus, and conſequently recourſe muſt be 


had ro their ſeed. The 
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The toad - ſtone, and thoſe called ſerpent's eyes, 
which are naturally of a beautiful poliſh are alſo. 
formed by their peculiar ſeeds, faſtened upon 
rocks, which furniſh a juice proper to dilate them. 
The ſeveral ſpecies of eagle-ſtones, which are 
commonly in figure of an egg, and. have a chore 
in their cavity, like the ball of a little bell, can- 
not be produced without a ſeed; and the ſame 
may be ſaid of the belemites, otherwiſe called. 
lapis lyn/is, wherein we find radii iſſuing from 
the ſame, centre, and terminating in the circum- 
REO: and a baſe, uſually hollowed in form of a 

Such a ſtructure ſuppoſes either ſeeds, or 
hae: hg but no moulds are found; or if they 
were, who was there to break them, in order 
to diſengage the ſtones? If we ſometimes find 
theſe kinds of ſtones in rocks, *tis by reaſon the 
rock happened to involve them in its growth; as 
likewiſe befalls thoſe, called ſhell-rocks, whoſe 
geneſis may be explained from the inſtance of thoſe 

ſtones, which are ſometimes found in the trunks of 
trees. 

The aſtroites is called by er lapis loves 
by reaſon its figure always conſiſts of ſix radii. 
Thoſe ſtarry ſtones, which are radiated like a 


fliſh's bones, are commonly found ſeveral of them 


faſtened together, in horizontal ſtrata. The ſtones 
called entrochi, are alſo in ſtrata, but their cir- 
cumference is round. Some of them are jointed 
together, as it were, with mortices and tenons. 
The ſpecies of pyrites, both oval, ſpherical and 
cylindrical, whoſe ſurfaces are either poliſhed, or 
cut like diamonds, are penetrated by radii, which 
terminate in a ſpecies of axis, which paſs thro' 
their centre, traverſes them from pole to pole. 
Theſe pyrites, I ſay, were not certainly caſt in a 
mould, any more than the ſtones of Bologne or 
Florence, 
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Florence, which commonly repreſent the ſaine 
landſcapes, or the ſame ruins of towns ; and it is 
not more probable, that thoſe ſpecies of agates, 
which, from their repreſentingi little ſnrubs, or 
foliages, dendroides, ariſe from their peculiar 
ſeeds. Theſe ſtones are found 1 in the earth ** 
rate from each other. 

Chryſtals of the rock may likewiſe probably 
be produced from ſeeds. Theſe chryſtals are na- 
turally cut in flat ſides, and their figure is conſe- 
- quently the ſame in all the fame ſpecies; that is, 

all the pieces of the ſame block of chryſtal con- 

ſiſt of 3, 4, 5; 6, or 7 faces; yet there is no room 
to ſuſpect either their being moulded, or formed 
by any coagulation like chymical falts: for, be- 
ſides that we evidently ſee theſe chryſtals come 
| out of the rock, where they are faſtened variouſly 
againſt the ſides of caverns, with their points 
turned upwards, downwards, or ſide-ways. It 
cannot be alledged, that the j Juice, which produ- 
ced theſe ſtones, had been caſt in the caverns like 
diſſolutions of nitre, for inſtance, evaporated in 
earthern pans, that of the chryſtals muſt have ne- 
ceſſarily paſſed thro the rock; and we cannot 
ſuppoſe that it paſſed all at once, and fixed there- 
on by little and little, eſpecially if we conſider, 
that there are pieces of chryſtal, which weigh 
upwards of 60 pounds, as is obſerved by Hottin- 
ger, in the country Valais; thoſe brought from 
Madagaſcar are very maſſive, Father Krircher 
aſſures us, he had met with ſome which weighed 
above 100 pounds; and Pliny relates, that Livia, 
the wife of Auguſtus, carried ſome to the capitol, 
which weighed above 50 pounds. It ſo large a 
quantity of liquor was ſhed all at once, our of 
the pores of rocks, *tis evident, it would run 
down every way, and form a Jump of ice, in 
lieu 
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lieu of a eylindrical body, regularly hewn in 
flat ſides. Tis certain therefore, that the juice, 
which contributes to the growth of the chryſtal, 
tranſpires by little and little through the — 5 
and this being ſo, how can we conceive it to riſe 
in tall columns, from an inch to upwards of a 
foot high, without ſuppoſing ſeeds, which gra- 
dually ſwelling by the nutritious juice they re- 
ceive from the rock, unfold and diſplay the regu- 
lar ſtructure which they included, perhaps, under 
the furface of a point. There ſeems to be a good 
deal of relation between the gengſis of theſe chryſ- 
tal columns, and that of teeth; each ſeed, as it 
ſwells, may perhaps form a kind of hexagonal 
trunk, whoſe inſide only hardens by little and 
little. This ſtructure might be treated as imagi - 
nary, were it not known that diamonds them- 
ſelves: cut more eaſily one way than another; that 
marbles have their veins ; and that rock-chryſtal | 
has its pores open enough, to imbibe the colours 
which are [given it ; but after ſeveral enquiries 
upon the figure affected by chryſtals, concludes 
it as natural to thoſe ſtones, as that of the leaves 
and flowers of plants; and he attributes both the 
one and the other to an architectonical ſpirit, and 
a plaſtic power, how much eaſier is it to ſuppoſe 
a kind of eggs, fince every body agrees, that the 
ſeeds of plants are as much eggs, as the parts of 
birds or fiſhes, which, in all ages, have bore that 
name? And what is an egg, if it be not the bird, 
fiſh, plant, or perhaps ſtone in miniature? We 
may therefore ſuppoſe, that chryſtals vegitate, 
like ſeveral other ftones ; that is, begin with a 
ſeed, or germen, and that the ſame juice, which 
is communicated to them by the rock, from 
whence they ariſe, hatches and makes them grow 
| 3 = | as 
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as far as their ſolid texture is capable of ſtretch- 
ing; and what can we think of thoſe found 
near Allenſon and Medoc, the former whereof are 
hexagonal and pyramidal, at the two ends having 
a colour withal much like diamonds, and found 
in ſprings; while the latter are almoſt oval, of 
a darker colour, and found in the ground; do 
not both of them ſuppoſe real ſeeds, as much 
as thoſe naturally found in the lentil form, or 
which, with their lenticular figure, have a ache 
like an aſs's back ? 

We are not to conclude that rock chryſtals 
are form'd as large as we find them, from there 
being piles of hay, hogs briſtles, and the like matters 
ſometimes found in them, for beſides that what 
we call hogs briſtles, Sc. may only be defects of 
matter found in the ſeeds, tis poſſible that theſe 
ſeeds in the courſe of their growth, may have fallen 
upon ſuch bodies, and gradually incloſed them. 
Iſicles begin by a round hollow tubercle; 
which in thoſe ſuſpended from above downwards, 
lengthens as a tube, and grows or ſwells by rinds, 
like the ſtems of young trees; ſuch as begin 
from below upwards, grow likewiſe by rinds, 
but their cavity neceſſarily fills up, on account 
of the ſituation 3 the congelations themſelves be- 
gin with a kind of germ or ſemen, and 'tis pro- 
bable the generality of theſe germs remain 
hollow ever after. i 

What we call fluores lapidum may perhaps 
be referr'd to the ſame © cauſe, eſpecially ſuch 
as are form'd in thoſe oval or roundiſh pebbles 
found in the Levant, ſeparate from each other, 
their outer ſurface is ſmooth, and as hard as flint, 
but the inſide is hollow and lin'd with chryſtals 
or other matters, whoſe figure and colours are 
wonderfully beautiful ; does it not appear that 

Vox. I. Ne. 11. 6g thei 
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their germs had been dilated by little and little, | 
and their parts open'd and .diſplay'd from each 
other, by means of a juice imbib'd from the 
That immenſe quantity of common pebbles 
which covers the Craudarles, ſeems to confeſs 
the ſame principal; that tract of ground, which 
is upwards of ſeven leagues around, is ſo full of 
roundiſh pebbles, that we find them in plenty 
whereſoever we dig. M. de Peireſc, who firſt 
ſtarted this notion of the ſeeds of ſtones, tho? 
he ſhewed that term in a different ſenſe from 
ours, alledges this plain as a proof of his opinion, 
for how ſhall we ſuppoſe all theſe pebbles were 
form'd ; it muſt not be pretended that they are as 
old as the world, unleſs we maintain, that all the 
ſtones upon the earth were produced at the fame 
time, whereas the obſervations already deliver'd 
upon the vegetation of ſtones, afford a proof 
that there are new ones produced every day 
and the ſame M. de Peireſc, while he was yet 
very young, made a notable remark to the 
ſame purpoſe ; bathing one day in the Rhone, 
near the city Avignon, he perceived that the 
bottom of the river was become all uneven, and 
cover'd with little ſoftiſh pebbles like hard eggs, 
ſtripped of their ſhells ; but he was ſtill farther 
ſurpriz'd, when he found ſome days after, that not 
only thoſe which he carried home with him, but 
thoſe which had remained in the Rhone, were 
become as hard and ſolid as any other pebbles 
on the edge of the. river; he ſuppoſed that theſe 
germs or young ſtones had been turn'd up by an 
earthquake, which was felt ſome days before, 
and had thrown them out of the bowels of the 


earth. 8 
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To theſe obſervations may be added another 
which we made in an iſland of the Archipelago; 

called Autipuros, becauſe ſituate overagainſt che 

famous iſland Paros. From the bottom of one 
of the fineſt grottos imaginable, lined all over 
with beautiful congelations, ariſe ſeveral marble 
pillars; the higheſt whereof is upwards of fix 
feet, and one foot in diameter, being pretty cy- 

Undrical, and equally thick every where; there 

are other — ones all about it like oy many 

young horns, and not far off there is half a 

one remaining, which had been broke off, and 

now repreſents the trunk of a felled tree; the 

middle, which is a ſpan broad, conſiſts of a. 

browniſh marble;and' repreſents: the woody part 

of the tree; this is ſurrounded with a — 
bark, and even with old bleas of different co- 
lours, which are diſtinguiſhed by fix concen- 
trical circles, tWo or three lines thick, whoſe 
fibres proceed from the centre to the circum- 
ference; theſe marble trunks ſeem to have ve- 
gitated, and perhaps ſtill continue to vegitate; 
for befides: that there fall no drops of water 
in this place, tis inconceivable that any ſuch 
drops falling 25 or 30 fathoms high, ſhould 
have been able to form regular cylinders, termi- 
nated uniformly domewiſe. In the fame grotto 
to the left hand we find a pyramid more fur- 
priſing than any thing, it is 24 feet high in- 
ſulated, and made like a tiara, being adorn'd 
with ſeveral capitals in rehevo, which are fluted 
lengthwiſe, and ſuſtain'd on their pedeſtals. This 
pyramid, whoſe baſe is 12 or 15 feet broad, 
is all full of enrichments, the tops whereof are 
bigger than the bottoms 3 and it may be obſerved 
that their branches, like thofe of cabbage- flowers, 
ſhoot from below upwards, and terminate in 
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arge cluſters 3 *tis next to impoſſible: all this 


ſhould be perform'd by the drop of falls of wa- 
ter, Where the laſt would always cover the work 
of the firſt. E; 

What has been Gi: concerning - chi generation 
of ſtones, may be extended to metals; tis 


5 


very probable theſe. bodies are likewiſe propa- 


gated by their ſeveral germs; nor will this con- 
jecture be thought too daring by ſuch as will ob- 
ſerve; this natural vegetation of pure gold, which 
has 'ſhot, in manner of foliages, thro' a hard, 
as it were, chryſtallized ſtone; there likewiſe 
preſents you a piece of ſilver, which ſpringing 
of it ſelf thro* a piece of chryſtal, ſubdivides 
into ſeveral threads, all of which catch upon 


pieces of the ſame chryſtallization. Another piece 


which I offer you, ſeems {till more ſurprifing, 
being little germs of filver inelos'd in a lump 


of marble ; theſe germs are ſhap'd like flat plates, 


about the third of a line thick, radiated like 
fiſhes bones. A little piece of copper which 1 
likewiſe lay before you, has ſhot; into branches 


in the ground, as here you find it; *tis ſcarce 


poſſible to explain all theſe productions, by veins 
of metals running in the viſcera of the earth; 
nor can it be objected that theſe foliages have 
no determinate figure, and are only imperfect 


vegetations; let their name be what it will, our 


bulineſs here is to account for their generation, 


ſuppoſing there were fluid metals in the ground, 


they could not paſs thro? pores of chryſtallized 
rocks, and thus ſhoot into foliages. 
The arbor Dianæ, or thoſe icy branches found 


on the glaſs in a ſudden fit of froſt ſucceeding a 


fog, will give no aſſiſtance towards explaining 
theſe phenomena ; every body knows that *tis 
with fogs much as with diſtilPd waters: if a 


5 3 piece 
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piece of linnen dipt in cold water be applied 
on the capital of a glaſs alembic, the ſpiri- 
tuous parts of the diſtilled matters having more 
motion than the reſt, will be reflected back 


again, and paſs thro them in different ways, 


ſo as to form tolerable ramifications; but what 
imports all this to rock chryſtals, for inſtance, 
which line the ſides of a cavern as well as 
the top, and are always ſhaped in one uniform 
manner; the inſtances above do indeed ſhew, 
that all things which are naturally figur d, do. 
not ariſe from any peculiar ſeeds, but this is 
what we have not alledged, and how ſhould 
the inſtance of branches on glaſs be applied to 
- gecount- for metallic vegetations, will. an 1y one 
ſay- they are form'd of vapours riſing in ca- 
verns? vapours would make a metallic cruſt or 
ſtrarum, inſtead of leaves of gold or ſilver, which 
have ſeveral inches projecture, and whoſe roots 
penetrate the rock. As to. the arbor Digne, all 
naturaliſts are agreed that it ariſes either from 
chryſtaliſations of particles of nitre, to which 
metallic particles precipitated on account of the 
weakneſs. of their diſſolvent faſten themſelves, 
or from the effects of mercury, which by the 


heat it is agitated with, carries off the particles 


of the metals it is amalgumated withal; our 
ſubject is of a — different nature, the foli- 
ages I juſt preſented to you being perfectly 
ſolid, they are pure gold, ſpringing from a 
hard rock, where nothing like what paſſes 1 in the 
arbor Diane can be ſuſpected. 

Among the ſeeds of ſtones and metals, there 
are ſome which not only ſoften by the juice 
of the earth, but become quite liquid, and if 
in this ſtate they penetrate the pores of certain 


bodies, they harden and petrify therein, as has 


befallen 
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befallen the piece of fern” here prefented;” as 
well as theſe lobſters, which: are turfd ta meer 
ſtones by this accident. If the ſtony ſerds be 
lodged in the cavities" of certaim bödies; they 
harden and aſſume the figure of moulding there- 
of; thus what we call peiFrnnres,. cone hte mytu- 
Ates, Mracites, nautilites," ebinites, are real 
ſtones, whoſe liquid ſeeds had been receiveck 
into the cavities of the ſhells, called goon , con- 
ca, mytulus, oftrea, nautilus, echinuiſ &. whoſe 
figure they ſtill bear in 'theſe cochlites; we "ſee 
a piece of 2 ſnail, and thefe are multitudes afound 
Paris, where the ſhell ſeems as if it had been 
inſenfibly turn'd to duft; when the feeds of 
different ſtones happen to be mingled together, 
they always retain their proper characters; thus 
the feed of chryſtal produces' chryſtal, -and what 
was intended to form ſtone produees ſtone, as 
we may ſee in this corn ammonis, and this con- 
chites, whoſe cavities are all chryſtallized. 
On the contrary, if theſe liquid ſeeds be ſhed 
on pebble ſhells or fand, they incloſe thoſe bo- 
dies by degrees, and inſinüating between them, 
form a kind of cement, which continues grow 
ing, notwithſtanding | its hardneſs, like other liv- 
ing ſtones. Tis probable chat theſe rocks, which 
are only cluſters of pebbles cemented together, 
were originally form'd by a multitude of ſuch 
liquid feds like the quarries, which are full of 
| ſhells, unleſs we ſuppoſe that the rocks had in- 
cloſed theſe. bodies in the courſe of their- growth, 
We alſo find the feeds of real ftones in the 
ſawn: of certain ſhell fiſhes, together with that 
hard ſolid matter intended to make the covers 
of thoſe animals. All the fiſhes incloſed in ſhells 
either ſpawn or lay eggs, but there are few of 


this latter kind, and I know of none but the buc- 
N cinum, 
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cinum, which is reputed oviparous 3 be this as it 
will, the ſeeds both of the ont and the other mult 
contain the matter of the ſhell, how hard and 
thick ſoever it may afterwards become, as much 
as the feed of an elephant includes all che ſolid 
maſſive bones thereof. There is a kind of ſhell 
called pholas, never found but in the cavities of 
pebbles, which cavities. are of the ſize proper to 


receive them; yet it is hardly conceivable” that 


theſe fiſhes ſhould have come and dug their cells; 
we rather ſuppoſe that the ftones they are inclo- 
| ſed in were once ſoft, and that the Kind of jelly 
they began withal was found in the ſpawn, as the 
matter which afterwards becomes the egg ſhell, 
is found in the firſt ſeed thereof ; and certainly 


the ſhell of an oſtrich's egg is incomparably 


harder than the rocks we are. ſpeaking of. 
After all the obſervations hitherto rehears'd, 
we may ſuppoſe the ſeed of ſtones and metals 
to be a kind of duſt, which perhaps ſeparates 
from the ſtones and metals while they are yet 
alive, that is, while they grow, as we have found 
that ſome of them do really grow. This ſeminal 
duſt of ſtones may be compar*d to the ſeeds of 
ſeveral plants, for inſtance, thoſe of ferns, ca- 
pillaries, moſſes, truffles, and the like, whoſe ſeeds 
were never yet diſcoverable by a microſcope ; 


yet theſe ſeeds propagate as well as the largeſt, _ 


and pebbles may perhaps be among ſtones, what 
truffles are among plants. This nc tion is not quite 
new; Pliny aſſures us, that Mutianus and Theo- 
phraſtus believ'd that ſtones produced other 
ſtones; and Gregory Nazianzen aſſures, that 
there were ſome authors who held that ſtones 

made love. 4 + : 
How many fiſhes are there, whoſe ſpawns 
are at leaſt as ſmall as grains of ſand? yet 
—__ the 
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the naturaliſts allow that whole fiſhes are couch'd 
in miniature, in the germs of theſe grains of 
ſand ; the buſineſs here therefore is only as to 
more and leſs, and who doubts but that the 
author of nature, who has inclos d the huge 
fiſh narwel, called the ſea unicorn, which is up- 
wards of 20 feet long, in the germ of an egg 
a 2 of a line big, may not have inclogd a bank 
of "ſtone, in a germ no bigger than a grain of 
ſand. Nothing ſhews the grandeur of the deity 
more, than this ſimplicity and uniformity found 
in the production of all bodies; what can be 
more glorious than to ſee men, fiſhes, birds, 
quadrupeds, reptils, plants, ſtones, and metals, 
all ſpring from inſenſible molecules? And as 
there are ſtones which evidently grow by an 
inward principal, depending intirely on their 
Sn organization, which receives and diſtri- 
utes the juice, furniſh*'d them by the common 
mother of all creatures, why may we not 
admit the ſame principal in the other foſſils? 
not that we are to conceive the largeſt moun- 
tains as only conſiſting of a ſingle piece ; thoſe 
huge maſſes of rocks are uſually compoſed of 
a multitude of ſeparate blocks, which were pro- 
duced by ſo many germs, or perhaps by ſeveral 
germs, which had blended together as they grew. 
Banks of ſtone are commonly horizontal, and 
thoſe which are vertical or oblique, *tis probable 
are only render'd ſuch by ſome extraordinary 
ſhock ; we may ſuppoſe that it is the preſſure 
of the atmoſphere, which bearing equally on the 
ſurface of the earth, makes the growing ſeeds 
always ſpread horizontally. 


IX. 
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IX. Au eftimate of the power: neceſſary to 
move boats, both in flagnant and running 
waters ; either by a rope, or by oars, or 
any other machine; by M. de la Hire *. 
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Tranſlated by Mr. Chambers. 


The power neceſſary to tow a boat in ſtagnant 
water by a rope faſtened thereto, and pulled by 
a perſon on the ſhore, is the ſame as is required 
merely to hold or ſuſtain the boat in a running 
water, whoſe velocity is the ſame, as that where: 
with the boat is towed in the ſtagnant one 
This propoſition is ſelf-evident ; by reaſon the 
impulſe or reſiſtance of the water againſt the boat, 

is the ſame in both caſes. 4 25 
But it is likewiſe the ſame, either to tow a boat 
in a dormant, or to hold it in a current water, tho? 
the power be placed in the boat itſelf, and act by 

a rope faſtened to ſome fixed point, ſuppoling 
the velocity of the water impinging on the boat, 
to be equal in both caſes. . 

To determine the power neceſſary to this ef- 
fect, we muſt know the ſurface of the boat, 
which is preſented to the direction of the motion 
of the water; and the velocity where with either 
the boat is pulled, or the water runs. 

What is known of the nature of water and of 
motion, we here ſuppoſe as principles to build on: 

as, 


1. That heavy bodies n falling any given 

height, acquire thereby a velocity, which uni- 

formly continued, would carry them double the 

ſpace in the ſame time that their accelerated 

velocity has carried them. FD 
* Nov. 22, 1702. 
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2. That theſe velocities are in a ſubduplicate 
ratio, That is, are to each other, as the ſquares of 
the ſpaces they paſſed thro' in falling. 

3. That the ſame laws of motion obtain in fluid | 
bodies, as in ſolid ones. 

4. That a heavy body falling with an e 
ted velocity, moves 14 feet in a ſecond of time. 


| Hence we learn, that water, after falling 14 
foot high, will have acquired a velocity thereby, 
which would carry it-28 feet in a ſecond of time; 
and conſequently that water, iſſuing from the a- 
perture of a tube 14 feet below the level of the 
water of a reſervoir, has a velocity which will 
carry it with an uniform motion, the ſpace of 28 
foot in a ſecond of time. Which property of wa- 
ter is confirmed by all experiments. 

From an experiment made in the middle of 
the river Seine, and the moſt rapid part thereof, 
M. Mariolte found, that it ran 3 feet 4 in a ſe- 
cond of time. From a ſecond experiment, made 
in the ſame place, to learn the force of the wa- 
ter in that velocity; by making it ſtrike or puſh 
againſt a thin plate 36 inches in ſurface, he 
found the ſame equivalent to a weight of 3 

ound and 4. 
| From theſe experiments, together with the 
principles above laid down, may ſeveral conſe- 
quences be reduced. For ſince a heavy body 
falling 14 foot in a ſecond of time, acquired a 
velocity thereby capable of carrying it in the ſame 
time, with a uniform motion, the ſpace of 28 
feet: ſuppoſe A D the height of a reſervoir 14 
feet, the water muſt ſpring out in D, with a ve- 
locity, which uniformly continued, would carry 
it 28 feet in a ſecond of time, And ſuppoſe i it were 


* Plats XVII. Fig. 2. 


enquired, 
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enquired, what ' height the relervoir A B muſt 
have, that the water in B may ſuſtain 3 pounds 4 
under a ſurface of 36 inches, or = of a foot? It 
will be found, that taking 17 pounds for the 
+ ht of a cubir foot of water,' AB need only be 
- 1cight of 3 lines, or 2 inches 7 lines nearly. 
ere He lines AD, and AB, being ſuppoſed 
together with the velocity in D, fuch as above 


determined; 1 ſay, ” 


. Rule for funding the ale of water fron the 
| height of the reſervoir. 

That the root of AD, is to the root of AB, as 
the velocity m D to the velocity in B; or which 
is the ſame thing, AD is to AB, as the ſquare of 
. 8 in D to the ſquare in the Vent in 

And in our inftance, we ſhall have 14 feet, or 
2016 lines, à conſtant number; or elſe 18 to 3 
lines: as 784, which is the ſquare of 28 feet, 
that the water in D is to run in a ſecond, and 
which will be alſo a conſtant number, or even 
to 12, and ſomewhat more, which will alſo be 
the ſquare of the ſpace, which the water is to 
move in a ſecond in its fall from A to B. 

But the ſquare root of 12, is ſomewhat leſs 
than 37, which therefore is the way in feet that 
water moving uniformly will paſs in a ſecond of 
time, under the given np of AB below the le- 
vel of the reſervoir. 

Hence we advance, that water running in wa- 
ter itſelf, has the ſame velocity, as if iſſuing at 
an aperture at a certain depth below the ſurface of 
a reſervoir, which is determinable by the ſtroke 
or impulſe of the water againſt an oppoſing body: 

which is a piece of knowledge of great conſe- 


quence, for aſcertaining the motion and impulſe 
H hh 2 of 
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of warn. which run at large, and unconfined b 
any chitacle, By means hereof we mäy learn 
the different efforts or impulſes of the water againſt 
floating muſcles, and of conſequence the ſtrengeh 
required to hold, e. gr. a boat in running water, 
or make it proceed either in ſtanding or running 
water; the velocity of the water againſt the boat in 
the ſeveral caſes being given, ſuch power being 
reducible to that required to ſuſtain a load of wa. 
ter at a certain depth below a reſervoir, deter- 
minable by the velocity propoſed. „ 

But in examining the reſiſtance of the water a- 
gainſt a boat; in lieu of a boat we ſuppoſe a 
plain ſurface perpendicular to the ſtream or cur- 
rent of water; which will amount to much the 
ſame as that irregular ſurface, which the boat 
preſents thereto. | „ aq 

Suppoſe then, a furface immerged vertically 
in a running water, the current whereof ſtrikes 
directly againſt the ſame, and that in the middle 
thereof, a cord is faſtened, whoſe other extreme is 
hung on a fixed point G. Here it is evident, 
the force wherewith the water impels or ſtrikes 
againſt the ſurface B, is the ſame as that where- 
with the fixed point G is pulled or drawn: by 
reaſon the whole reſiſtance of the ſurface B, to 
the current of water is derived originally from this 
fixed point, without which there would be no 
reſiſtance at all. = 

To find what this power 1s, the ſurface B, as 
alſo the velocity of the water, or the way it 
_ in a ſecond of time being given, we mult 
uſe, 3 


_ 8-3. 
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2. Raf for Jnling the force of water from its 
ehen OO 


Take the ſquare of the number of feet the wa- 
ter moyes. in a ſecond of time, and divide it by 
56, which isa conſtant number,. and obtains in 

all caſes ; the quotient will be the number of feet, 
which the water muſt be ſuppoſed above the given 
- ſurface, to find the effort r impulſe thereof. For 

multiplying this height by che given ſurface, the 
product is the cubic or folid bulk which will be 
ſuſtained thereby, which is the force required. 

No fox every cubic foot we are to take 17 
D0unds ; and for every cubic inch 5 drams 52 

in ordinary compittations, it may ſuffice to 
take 5 drams 3, which amounts to nearly 17 
Pounds the foot, which number we ſhall keep to 
„ em oo 

If the velocity be given in inches, and the ſquare 
thereof be divided by 56, the quotient will be the 


number of lines which the water is to be above 
the propoſed ſurface. | 


To demonſtrate the rule, it has been already 
noted, that the velocity of water iſſuing at an a- 
perture 14 feet below the ſurface of a reſervoir, 
ſuch as carries it 28 feet in a ſecond of time, 
and conſequently the ſquare of the velocity of 28 
feet, is to the ſquare of the number of feet, which 
will be moved in a ſecond, with the propoſed ve- 
locity; as the height of the reſervoir, 14 feet, is 
to the height required: or thus; the ſquare of the 
velocity of 28 feet is to the height of 14 feet, 
(which is a conſtant ratio in all caſes, and is 
the ſame as 56 to 1) as the ſquare of the feet 
moved with the propoſed velocity, to the re- 
quired height of the water, in feet. But if in 
lieu of feet, you take the given velocity in * 
| a 
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the number muſt then be divided by 56, multiplied 
by 12, to have the inches dividing only by 56, 
the quotient will be but twelfths of inches, i. e. lines. 
Suppoſe, for an example, a velocity of water 

prop oſed to be ſuch as carries it 6 feet in a ſe- 
cond of time. The ſquare of 6 is 36, Which di- 
vided by 56, gives 3+ or 4 of a foot; amount- 
ing to 92 lines. 4, or 7 inches, 8 lines I. for the 
4 ht of water above the propoſed ſurface. And 
the 555 ariſes upon ſuppoſing 72 inches velocity 
in lieu of 6 feet. 
Now, if the propoſed ſurface be 36 inches 
ſquare, that number. muſt be multiplied by the 
height found, which will giye a ſolid bulk of 277 
inches 2, and a weight of 480 drams, or 11 
pound, 9 ounces of water: the quantity of the 
effort or impulſe of the water againſt the furface 
propoſed. . 

It follows hence, that if the ſurface, which a 
boat preſents to the current of water, be one fa- 
thom or 36 feet, which is 144. times more than 
that of the foregoing inſtance, and the velocity of 
the water the ſame, i. e. moves 6 feet in a fe- 
cond ; there be a power required 144 times 
greater than the above power of 11 pound, 9 
ounces, which will amount to 1665 pounds. Such 
power therefore of 1665 pounds, will be required 
to hold or retain a boat of the magnitude here 
ſuppoſed, in a water that runs at the rate of 6 
feet in a ſecond. 

If the water only make 4 feet in a ſecond, | 
(which may be the velocity of the Rhone, there 
being no ordinary river that runs ſo faſt as 6 feet 
in a ſecond) and the boat be ſuppoſed to run a- 

ainſt the ſtream at the rate of 2 feet in the ſame 
time; it follows, that the water will ſtrike againſt 


the boat with a velocity of 6 feet in a ſecond; ſo 
| that 
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that on this ſuppoſition a dn of 1 66 5 a 
will be required. 


An eÞimate of the firength of il — in 
ſowing or drawing barges, boats, and other 
Bodies, either in running or ſtanding waters. 


A large barge on the river Seine, preſents about 
three fathoms, or 108 feet ſurface to the ſtream 
of water, which, taking it about the middle of 
the river, may be computed to move at the rate 
of 2 feet & in a ſecond of time; 12 horſes yoaked 
to ſuch a veſſe] tow it againſt the ſtream at the 
rate of 1 foot ; in a ſecond; which amounts to 
oo fathom in an hour, and 9000 fathom, or 4 
leagues in 10 hours; the ſpace of time the horſes 
are able to work per day. 

No on a ſuppoſition, that the ſtream of water 
runs 2 feet + in a ſecond, and that the barge riſes 
_ againſt it at the rate of 1 foot + in the ſame time, 
the velocity of the water impinging, or ſtriking 
on the barge, may be raiſed at 4 feet in a ſecond 
agreeably now to the foregoing rule, the ſquare of 
4 feet, or 48 inches, being 2304; this divided by 
56, yields 41 +, the height of the water in lines 
amounting to 3 inches, 5 lines 1. This height, 
therefore, multiplied by the ſurface of the barge 
108 feet, yields 26 cubic feet ; of water very 
nearly. So that ſuppoſing the cubic foot of wa- 
ter to weigh 72 pounds, we ſhall have 1896 
pounds for the quantity offered, required to tow 
the barge in the preſent caſe ; conſequently each 
horſe muſt ſuſtain an effort of 158 pounds, on 
the ran of its walking one foot + in a ſe- 
con 
What is here ſhewn of a running water will hold 
equally of a ſtanding water; ſuppoſing the barge 
to be towed therein a at the rate of 4 feet in a - 
Gon 
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cond, the velocity of the water ſtriking againſt 
the barge, being the ſame in both caſes, 
And further it will be the ſame ſtill, if you ſup- 
ſe ſome fixed point, either in a running or 
ſtanding water; and that the barge being falfened 
thereto by a rope, is pulled towards the fame by 
a power placed in the barge itſelf. For the buſi- 
neſs here, is only to overcome the refiſtance of 
the water ſtriking againſt the barge with a certain 
velocity, which determines the quantity of the 
moe. | . 
But of all the various ways of applying a power 
to a machine, in order to pull a body by a rope, 
tis certain, there is none whereby any thing can 
be gained. For if the power be ſmall, it will 
ull the body faſtened to the rope the more ſlow- 
* if great, the more ſwiftly, and ſuppoſing the 
ſame power to be employed, the motion will al- 
ways be in proportion to the time. 
We now proceed to the motion of boats, and 
other veſſels rowed with oars : but by the way, it 
may not be amiſs to note, that all ſtrength ariſes 
from ſome reſiſtance, as may be ſeen in levers: 
for if you pull one end of a lever kept faſt by the 
other end, the effort you make on the middle 
parts of the lever, is derived wholly from 
the reſiſtance of the part where the lever is fixed. 
It being evident, that if this end was not fixed, 
you could make no effort on the middle of the 
lever, by any power applied to the orher end. 
In like manner, if you pull a rope, in order to 
move a weight faſtened thereto, you will not ſtir 
it in the leaft, whatever power you employ, o- 


therwiſe than by an effect ariſing from the fixed 


points where you ſtand; and you exert an equal 
power to puſh that fixed point towards the body, 
as to pull the body towards the fixed point. 


Buppoſe 


4 
A 
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_* . Suppoſe now two boats in a. ſtanding water, 
and let one of them have a rope faſtened to 
it by one of its ends, the other end being pulled 


by a power placed in the other boat. Here 


the power pulling the rope makes an equal 
effort to puſh from it the boat wherein it is, 
as to pull toward it the other, to which the 
rope is faſtened; ſuppoling the direction of the 
power to be the ſame as that of the rope: In 
_ conſequence whereof, the two boats muſt approach 
equally to each other; and if the effort of the 
power be given, as allo the ſurface of the boats 
immerged in water, the velocity of their appulſe 
may be determined. But -in regard the ſame 
effort is made on both boats, to pull the 'one and 
puſh the other, the quantity of water which de- 
termines or meaſures ſuch effort, would be the 


ſame for the motion of each, and conſequently 


the heights of water, as in the caſe of reſer- 
voirs, which would produce this effort, would 
be to each other, in the reciprocal ratio of the 


ſurfaces of the boats, preſented to the motion; 


but the roots of theſe heights give the velocity, 
and therefore the velocity of the boats would be 
to each other in the reciprocal ratio of the roots 
of the ſurfaces of the boats. | 

After the like manner, if the velocity of the 
boats, together with the ſurfaces, were given, the 
effort of the power that would move them might 
be determined; one inftance or two will make 
this propoſition clear. 


Suppoſe two boats in a ſtanding water, and 


let the ſurface. of one of them be 16 feet, and 
that of the other 64: I mean only. the ſurfaces 
preſented to the motion, or which are directly 
oppoſite one to the other. If the boat of 16 
feet ſurface, either puſhed. or pulled, with a force 
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equal to that which puſhes or pulls the other of 
64 feet, the powers which puſh thoſe ſurfaces may 
be conſidered as 2 folid parallel epipeds of water, 
equal to each other, conſequently their heights 
will be reciprocally as her furfaces, whatever 
the quantity of thefe ſolids may be. But we 
have demonſtrated, that the velocities of the boats 
will always be as the roots of the heights of the 
ſolids of water; and conſequently the velocity of 
that of 16 feet ſurface, will be 8, the root of 
64, and the velocity of that of 64 feet ſurface, 
will be 4, the root of 16. 

. Thus let what powers ſoever be employed to 
move the boats, the velocity of the boat of 64 
feet ſurface, being expreſs'd by 8, the other of 

16 feet ſurface, will advance with a velocity 
expreſs'd by 4, which is the ratio of 2 to 1— 
Hence, 

If the boat of 64 feet ſurface move with 2 A 

velocity which would carry it two feet in a ſe- 
cond, that of 16 feet ſurface will move with the 
velocity of 4 feet in a ſecond. 
But theſe velocities being given, the effort ne- 
ceſſary to make the two boats move towards a 
fixed point, placed between them in the line 
of their motion, may be determined by the rule 
above laid down. For ſuppoſe the boat of- 16 
feet to have a velocity of 2 feet, or 24 inches in 
a ſecond, its ſquare will be 576, which divided 
by 56, gives 105, the height of the water above 
the ſurface of the boat in lines, which gives the 
effort required for taking 72 pounds for a foot 
of water, we have 82 pound very nearly for 
the power required to move this boat 2 feet in 
a ſecond, as was ſuppoſed. 

But ſince the velocity of this boat of 16 feet 
ſurface, is to be to the velocity of the other boat, 


"8 
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as two to one; the ſame calculus muſt be made 
for the other, by dividing the ſquare of one foot, 
or 12 inches, by 56, and multiplying the quo- 
nent, which is the height of water in lines, by 
the ſurface of the boat, the product gives the 
fame 82 pounds, for the power required to move 
this boat the ſpace of 1 foot in a ſecond. The 
two boats therefore will be each moved with the 
ſame force of 82 pounds, by one ſingle power, 
and will approach each other 3 feet in a ſe- 
cond, one of them moving 2 feet, and the other 
I foot. | 

But as in the preſent example, we have only 
one power of $2 pounds, which being placed 
in a boat, pulls a rope to which ——_— boat 
is faſtened, it follows, that this power will ga- 
ther three feet of rope in a ſecond, whereas with 
the ſame power, one of the boats being ſuppos d 
immoveable, we ſhould only gather the quantity 

f rope anſwering to the motion of the other 

; for it is not the quantity of rope we 
gather, that determines the effort to motion, as 
is eaſy to be obſerved ; for that if there was 
nothing faſten'd to the rope, we ſhould gather 
it as faſt as we pleas'd, withour making any 
effort at all; ſuppoſing the rope void of weight, 
as is here done. 

If any doubt remain, as to what we have faid 
of the greater or leſſer quantity of rope gather'd, 
not having any effect towards diminiſhing or 
augmenting the effort, you need only attend to 
what befalls the weights * A, B, and F, two of 
which A and B, are faſten'd to the two ends of 
a rope, which paſtes over two pullies C and D, 
and ſuſtains a third pully E, to which is hung 
the weight F; for whether you raiſe or lower the 


Fig. 4. ; 
1112 weight 
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weight A, the weight F will have the ſame effe 
on the weight B, tho? F riſes or falls. 
Perhaps a clearer idea of what we have faid, 
in relation to the effort of a power pulling a 
boat, may be formed by conſidering it in a 
machine. Imagine therefore two ſurfaces * A 
and B, immerged perpendicularly in a ſtanding 
water, and conceive a little pully D faſten'd in 
the middle of the ſurface B, with its plane per- 
pendicular to the plane' of the ſurface B, the axis 
of the pully being laid horizontally on the ſame 
ſurface B; if now a rope be faſtened to the 
middle of the ſurface A, and paſs horizontally 
over the pully D, and afterwards ſuſtain a weight 
E, tis evident this weight E will make two 
efforts at the ſame time, each equal to the whole 
weight, one to pull the ſurface A, and the 
other to puſh the ſurface B; and further, theſe 
efforts will be the ſame, whether one of the ſur- 
faces be moveable or both; with this difference, 
that in the caſe of only one moveable ſurface, 
the weight will deſcend a ſpace equal to the mo- 
tion of ſuch ſurface; whereas, if both be move- 
able, it will deſcend a ſpace equal to the mo- 
tion of both together——For we here overlook 
that little acceleration the weight will have at 
the beginning of its deſcent ; ſince it can only 
deſcend ſo far as the ſurfaces moves along the 
water. Beſides, in the preſent compariſon of a 
weight to a power, the acceleration of the weight 


is not concern'd, by reaſon the power to which 


the weight is compar'd, has no acceleration; and 
for the like reaſons we diſregard the friction of 
the pully on its axis, and the reſiſtance ariſing 
from the ſtiffneſs of the rope. 
MS. | 
Hence 
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Hence we learn, that whatever velocity a fall- 
ing weight may have, its action depending on its 
weight, will have the ſame effect on both ſur- 
faces, and either pull or puſh them alike : ſince 
it cannot act on one of them to pull, without act- 
ing at the ſame time on the other to puſſi it. 

And the caſe would be the ſame, if a power 
ſupported on any fulcrum, or fixed body, were 
to lift perpendicularly a weight faſtened thereto, 
for whether the power only ſuſtained the weight, 
or whether it raiſed ſlowly or quickly; the Ful- 
crum would have the load of this weight, beſides 
that of the power. Suppoſing the medium, where- 

in the weight is raiſed, makes no reſiſtance. _ 
Ibis fort of mechaniſm is quite different from 
that of bodies faſtened to the arm of a lever, 

where the weight of the body and the ſpace it is 
able to paſs thro*, being multiplied by each other, 
yield a quantity of motion to be conſidered. in 
order to: find the reciprocal effort of thoſe bodies, 
and deduce the balance thereof. But here we are 
conſidering bodies in an uniform and continued 
mation, without any effort of percuſſion. | 

There are alſo different kinds of motions to be 
conſidered in bodies immerged in water: as if a 
ſurface * A be immerged perpendicularly in wa- 
ter, and to the middle thereof B a rope be faſtened, 
which paſſing over the pully P, is turned back to 
D, where a power is applied. Here it is evident, 
that the power pulling the rope in D, and in ſo 
doing puſhing the ſurface A, exerts the ſame 
force to puſh the ſurface towards P, as to pull it 
towards Þ, 'and-conſequently the ſurface A is im- 
pelled towards P, with : a force double to that of 
the Power. 


* Fig. 6. 
Note 
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Note alſo, that in this diſpoſition of machines 
a a weight might be applied in lieu of a power, by 
fitting a little pulley in the ſurface A, and paſſing a 
rope over the ſame to which a weight f is faſtened. 
Hence appears the great advantage of this me- 
thod of application, ſince in virtue hereof one and 
the ſame power placed in the boat has an effect 
double of what it would have in walking on the 
ground, and thus pulling the boat; or even of 
what it would have, tho? placed in the boat, but 
ſo as to pull a rope faſtened to a fixed point, in 
order to make the veſſel advance thereto.. 
Indeed this power, which is only + of the other, 
muſt move double the ſpace of that other in the 
ſame time: but ſuch exceſs of the ſpace of the 
power 1s not to be conſidered as an mentation 
of force, as has been already obſerved. 
Me ſee alſo, that this way of applying a power, 
by a returning 'pully, amounts to the ſame, as the 
2 boats made to approach one another; tho* in 
that caſe, the power is applied to 2 ſurfaces, and 
in this only to one; for which reaſon, if the ſingle 
ſurface be lels _ the 2 others together, either a 
leſs power will ſuffice to give the ſame velocity, or 
the ſame power will ſuffice to give a greater velocity, 
The following experiments confirm what we 
have advanced concerning the augmentation of 
the power, by means of returning the pully; ſeat- 
ing myſelf on a ſort of ſledge, in a place paved 
with ſmooth ſtones, I fixed a rope on a wall 5 or 
6 fathoms from me, and about the ſame height 
with myſelf, ſo that the rope was horizontal ; in 
this diſpoſition I pulled the end of the rope to 
draw myſelf, towards the fixed point; but all my 
{ſtrength was ſcarce able to make me advance; 
Upon this a pully was fixed in the place of the 


fixed point, over which I paſſed the rope, then 
faſten 
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faſtening one of its ends to the ſledge, and pull- 
ing by the other, I found no difficulty in drawe- 
ing myſelf along — for it is evident, from what 
has already been ſaid, that only half the force im- 
ployed in the former caſe, was required here... 


But the great friction of the fledge upon the 


pavement, induced me to make another more 
fimple experiment, to the fame purpoſe. Faſten- 
ing a rope to a high place, I endeavoured to 
clamber up the ſame by ftrength of arms: but 
finding myſelf too weak thus to raiſe my whole 
body on one arm, by holding with one. hand, 
and taking higher hold of the rope with the o- 

ther, I faftened a pully in the place, where the 
rope was faſtened before; andpaſſing the rope over 
this pully, made a ſort of ring with one end thereof, 


where putting my foot, and pulling the other end 


of the rope, I drew myſelf on high with a deal 
of eaſe. „ 1 
Here it is obvious, that in ſuſtaining the body 
by ſuch rope and pully, the arms only make half 
the effort which they muſt to ſuſtain the body by 
a rope only. For the pully in ſuch caſe, has the 


if 


effect of the fulcrum of a balance, at the extremes 


of whoſe arms the whole weight of the body is 
ſuſtained, but ſo as to be diſtributed equally on 
both ſides; in which ſtate of equilibrium the ef- 
fort of the arms need only be half the weight of 
the body'; ſo that the ſmalleſt effort more, e. gr. a 
pound, will diſcharge the other half of ſo much, 
upon which the arms will ſurmount the weight 
of the body by two pounds; fo that gathering 
the rope at the ſame time, the body will eafily 
be hoiſted up the pulley. Hereto we overlook 
the friction of the axis of the pully, and the o- 
ther difficulties, which may ariſe on the part of 
the rope. | 

= "Al 


As the velocity wherewith the body is raiſed, 
it depends on that of the arms in gathering the 
rope; nor need there any augmentation of power 
on that account, ſince the reſiſtance of the medium 
is not increaſed thereby. — Indeed if the experi- 
ment be made in the water, and the power be 
placed for inſtance in a boat, where it pulls a 
rope; which paſſing over a pulley, has its other 
end faſtened to another boat. Here, ſuppoſing 
the two boats equal, the power muſt be twice as 
great, as would be required, if the rope was faſ- 
tened to the ſame boat where the power is; by 
reaſon the reſiſtance of the water againſt the two 
boats is double of what is againſt one, which does 
not hold in air, the reſiſtance whereof to any mo- 
derately ſlow motion is too inconſiderable to be 
regarded. Beſides, that this ſame reſiſtance of 
the water requires an effort proportional to the 
velocity of the motion. 

But theſe two motions may be diverſified, and 
conſidered in other manners. —- Suppoſe a boat 
in a ſtanding water pulled by two oppoſite powers, 
applied to two ropes in the fame right line, tis 
evident, that if the powers be equal, the boats 
will remain immovable. If one exceed the other, 
the boat will approach towards the ſame, and 
ſuppoſing the two powers given, the way or ſpace 
it will paſs over may be determined. For ſeek- 
ing by the above rule, that two velocities belong- 
ing to the 2 powers, the difference thereof will be 
the velocity wherewith the boat approaches the 
greater power, and conſequently gives the quan- 
tity of rope this power gathers, and the other 
loles. 
What has been ſaid of boats drawn by ropes, 
holds equally of boats, if the ſame be puſhed, or 

l ꝶ:“b : and 
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ſhoved directly by oppoſite powers, whether 
they be equal] or unequal. 

It remains to ſhew the application of this doc- 
trine to the operation of rowing, 7. e. the motion 
of boats, c. by means of oars.— Tis not eaſy to 
frame a ſimple machine, which ſhall ſhew the 
| farface a boat preſents to the motion of the water, 
and fit oars therein, whoſe fulcrum, or point of ſup- 
port, called by mariners the ling, ſhall be in the 
middle of this ſurface : but it is more difficult ſtill, 
to apply the moving power to the end of ſuch 
oars, and contrive that 'this ſame power, 1. e. the 
rowers, ſhall be ſuſtained preciſely on the mid- 
dle of this ſurface, However, as the length of 
the boat only bears a {mall proportion to the ſur- 
face it oppoſes to the motion of the water; it 
will make no great difference, tho? the oars be 
reſted on the edge of the boat, inſtead of the mid- 
dle of the ſurface, which 1s the true point of ſup- 
port, or even tho? the power, which pulls the end 
of the oars, do net act in a direction perpendicular 
to the oar, and to the ſurface at the ſame time. 
For as to the direction of the power, there can 
only ariſe hence a ſmall diminution of the force 
that acts on the one and the other, ſince it is to be 
conſidered withal that theſe directions are conti- 
nually changing. 

To bring the matter to an eaſy calculus, with- 
out entering into a long and intricate diſcuſſion 
ſuppole * A the ſurface, which the boat preſents 
to the motion, whoſe length we have no regard to, 
in as much as this makes no effort agalnſt the 
motion of the water. To the middle of this ſur- 
face is faſtened perpendicularly a fulcrum, or fill- 
ing A B, apy whoſe . extreme B, the oar D C 

* Fi | 
vob. 1. No, £3. K K k bears, 
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bears, whoſe broad end or Blade, is repreſented 
by the ſurface C. Laſtly the power is ſuppoſed 
in D, pulling perpendicularly that end of the 
frank of the oar, and bearing alſo perpendicularly 
againſt the power A of the ſurface A. Here then 
it is evident, that the power pulling the end D of 
the oar towards G, and bearing againſt the ſur- 
face in A, will bring the blade C towards F. But 
the abſolute power wherewith this is done, muſt 
be reduced to a relative one, according to the 
length of the arms BD, BC, of the oar conſidered 
as a lever: for BC will always be to BD, as the 
abſolute power to the relative power applied i in — 
to puſh towards F. But the fulcrum itſelf B, 
the ſurface A, is alſo impelled towards G, . a 
force, which is the ſum of the abſolute and rela- 
tive powers added together: and, on the con- 
trary, the ſame ſurface A, being puſhed by the 
abſolute power towards B or F, the equal and op- 
poſite efforts deſtroying each other, nothing re- 
mains of the effort wherewith the ſurface A is im- 
pelled towards G, but that of the relative power, 
which is the ſame as that wherewith the ſurface C 
is impelled towards F; ſo that theſe two efforts 
will be equal in all caſes, 
Nou to determine the velocity of the motion 
of thoſe ſurfaces, the power being given, or elſe 
the velocities and the way being given to deter- 
mine the power: we ſhall make a calculus ac- 
cording to the preceding rules. 
Suppoſe, for example, the ſurface A be 80 
feet, and the power be 10co pounds; i. e. able 
to ſutain a weight of 1000 pounds, dividing 
1000 by 80, the quotient 124 will be the weight 
belonging to each foot of the ſurface : and ſuppoſe 
72 pounds, the weight of a foot high of inde 
under 
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under a foot ſurface, 7. e. a cubic foot of water, 

as 72 1b, are to 124 1b, ſo is 1 foot, or 144 
lines height of water under a foot ſurface to 25 
lines height of water, under the ſame ſurface. I 
ſay therefore by the firſt rule, as 2016 lines, a & 
conſtant or given number in all caſes (or elſe as 

18 lines) to 25 lines height of water; ſo is — 
a conſtant number (or elſe 7) to 94, whoſe ſquare 
root is ſomewhat above 3 feet, the velocity or 
way the boat will make in a ſecond of time. But 
now if the ſurface C be triple the ſurface A, i. e. 
be 240 feet ; we ſhall find, ſuppoſing the ſame 
power of 1000 1b. acting againſt the ſame ſur- 
face a quantity of water 4 16. 5 for each foot. 

Therefore as 72 1b. are to 46 Jb. + ; ſo are 144 lines 
height of water, under a furface of one foot, to 
8 lines and ſomewhat more height of water; 
which is a third part of the height found for the- 
other ſurface. For the power being the ſame,” 
the heights of water muſt be reciprocally as the 
ſurfaces ; and this ſurface is ſuppoſed triple n the 
other. | , 

Now by the rule, as 2016 lines a conſtant num- 
ber (or even 18) is to 8 lines 3 Fo ſo are 784 à4 
conſtant number (or even 7) to 34 nearly; whoſe 
ſquare root is 1 foot + nearly, which is the ve- 
| locity or way the oar C will make in a ſeconds! 

by the effect of the power. 

But we have found, that the ſame power which: 
is always the relative, with regard to the abſolute 
power, impells both the boat and oar, and throws 
them both off with regard to a fixed point, found 
betweeen the two ; ; viz. the boat at the rate of 3 
feet in a ſecond of time, and the our 1 foot 4 in the 
ſame time. It follows therefore, that the boat 
and bar will recede from each other the ſpace of 

"KARL 7 | 4 
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4 feet + in a ſecond of time, being the ſum of the 
ways of the boat and oar : but if the velocity or 
way of the boat, a determinate in time, be given 
with regard to a fixed point, the power required 
thereto, will be found by the ſecond rule: ſup- 
poſe, e, gr. the way to be 30 fathoms in a minute, 
and that the ſurface of the boat, which it preſents 
to the motion, be 4 feet, the boat then will go 3 
feet in a ſecond; ſo that by the ſecond rule, the 
ſquare of 3 feet or 36 inches, which is 1296, 
being divided by 56, a given number, gives 235, 
the lines in the height of water to be ſuppoſed 
over the ſurface of 4 9 But an inch high of 
water upon a ſurface of one foot, weighs at the 
rate of 22 1b. the cubic foot; the 23 lines there- 
fore will yield 11 46. 15 -ounces, nearly, which 
multiplied by 4, the feet in the ſurface of the, 
boat yield 47 lb. 4 for the effort of the power, 
which, would make the boat advance, as if it ſuſ- 
tained, ſych weight. | 
- But it mult 2 obſerved, that this effort is only. 
that of the relative power; and that the abſolute, 
power may be greater or leſs, according to the 
different lengths of the arm of the oar; ſo that 
the relative power muſt; be reduced to the abſo- 
lute one, by ſaying, as the length of the arm of 
the oar, from the point of ſupport to the hand, 1s 
to the length of the other arm, from the ſame 
point of ſupport to the middle of that part of the 
blade of the oar which enters the water; ſo is the. 
power found by the calculus to the abſolute power. 


An application, of the above rules to the motion of 
boats croſſindayhe Seine, and other rivers, 


Here we have no regard to the current of. wa- 


ter, but conline ourſelves to the conſideration of 
the 


[ 
8 [1 


4 
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the way the boat makes directly a- croſs, tha} it 


be all the while driven downwards by. the ſtream. 


And we ſuppoſe withal, that no part of the ef- 
fort made by the rowters, is employed againſt the 
current of water. Now a waterman will row a 
boat about 20 fathoms or 120 feet in a minute of 
time, the ſurface fuch boat preſents to the mo- 
tion of the water is about 3 feet; and the furface 
of the 2 oars immerged-in the water, may be a- 
bout 7 feet. Laſtly, the diſtance from the point 
of ſupport to the rower's hand, is nearly the ſame 
as that from the middle of the oar immerged in 
the water, to the ſame point of ſupport : ſo that 
in this caſe the relative power is r to the — 
ſolute one. | 
By the velocity of the boat here ſuppoſed, we 
Have: 2 feet or 24 inches for each ſecond: of time; 
and by the rule, the ſquare of theſe 24 inches is 
576, which divided by 56, a ſtanding number, 
gives 10 lines ; for the height of water over the 
ſurface propoſed : an effort not very conſiderable, 
ſince a man, by means of a ſimple pully, will 
eaſily raiſe 15 or 16 16. weight the ſpace of 2 feet 
in a ſecond of time. As to the motion of the 
hand, it-muſt be twice as much with the ſame 
power, viz. 4 feet in a ſecond, for that the blade 
of the oar recedes from the fixed point, as far as 
the boat itſelf, but in a contrary direction. 

We have no regard here to the interruptions in 
the motion of the rower; for if he only works 
half the time, he will be enabled to make double 
the effort in that half, by reſting the other; eſ- 
pecially in the preſent ſituation, for remaining in 
the ſame place, his arm only makes half the ef- 
fort that would be required, were he to tow a boat! 
on the edge of the water; beſide the further fa- 

| tig ue 
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tigue of walking, and ſupporting of 1 weight 
of his body. 


Another application to the . of vallies. 


The ſurface a galley preſents to the motion of 
the water, is 80 feet, and it has 26 oars on each 
fide, or 52 in all; each oar being 36 feet long, 
and the blade 9 inches broad. There is uſually 
4 feet and in the water, and the diſtance from the 
fulcrum of the oar to the hand, is only a third of 
that from the fulcrum to the middle of the part of 


the blade which dips in the water: ſo that the 


ſurface of that | pare of the oar, which in the wa- 
ter is 3 feet 3, and this ſurface in all the oars 
together 175 feet. Now a galley with 3 men 
to each oar, uſually makes 2800 fathoms in an 
hour, and conſequently 46 fathom, 4 feet, or 280 
feet, in a minute : or laſtly, 4 feet, 8 inches, or 
56 inches, in a ſecond. Now it is required 
to find the ow which the rowers exert in order 


hereto. 
By the ſecond rule, we take the ſquare of 56 


inches, viz. 3136, which divided by 56, a 


ſtanding number, gives 56 lines for the height of 
water over the 80 feet ſurface propoſed, conſe- 
quently multiplying 56 by 80, we have 4480 
lines height of water on a foot ſurface, which di- 
vided by 144 lines for a foot height, give 2 1 feet, 
I inch, 4 lines, for the whole load or reſiſtance, 
which being reduced to weight, at the rate of 
72 pound the cubic foot, yields 2240 J. for the 
effort of the relative power of the rowers, which 
acts equally on the blade of the oars, and the 
ledge of the galley. Now dividing this weight 
among 156 rowers, there only will be 14 Ib. 4 
for 
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for the relative power of each, reducing therefore 
the relative power, by ſaying as 1 is to 2, which is 
the ratio of that part of the oar between the fulcrum 
and the hand, to the part from the ſame fulcrum 
to the middle of that part plunged 1 in the water; 


ſo is the relative power 14 0. 5 to the abſolute 


28 16. 3 

Farther, each rower making ſuch effort of 
28 1b. 3 in a ſecond, needed only puſh the extre- 
mity of the oar with his hand the ſpace of 2 feet, 
4 inches, provided the ſhank of the oar reſted on 
a fixed point, by reaſon the way of the oar is to 
the way of the hand, as the diſtances of the ful- 
crum, which are 2 to 1. But in regard the oar 
does likewiſe recede from the ſame fixed point, 
between the galley and the oar, with regard to 
which the way of the hand has been found to be 
2 feet, 4 inches, we muſt alſo determine, what way 
the ſhank of the oar makes in a ſecond. It has been 

already found, that the power acting againſt the 
ſurface of a galley of 80 feet, is 2240 16. and ?rig 
this ſame power which acts againſt all the oars, 
which are 175 feet F in ſurface. The height of 
water therefore upon theſe oars, will be reciprocal 


of that on the ſurface on the galley, which we 


have found to be 56 lines. Conſequently we may 
ſay, as 175 feet f is to 80 feet, ſo are 56 lines 
to 25 lines £ nearly, which muſt be the height of 
water on the ſurface of all the oars, or each there- 
of; wherefore by the firſt rule, as 2016 lines, a 
given number, are to 25 lines + height of water 
ſo are 784, agiven number, to 10 nearly, whoſe 
ſquare root is 3 feet 5, or 38 inches, which the 
oars muſt make in a ſecond, at the ſame time 
that the body of the galley advanced 56 inches. 


But 


A 
\ 
& 
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But on account of the different lengths of the arms 
of the oar, which are as 2 to 1, the hand need only 
make 19 inches, or 1 foot, 7 inches in a ſecond, 
with regard to the motion of the oar; and con- 
ſequently the rower's hand, which makes 2 feet, 
4 inches in a ſecond, with regard to the motion 
of the galley, will make in all 3 feet, 11 inches in 
each fecond of time, with the ſame force of 
2816. | 

This effort and motion have nothing in them 
extraordinary; and as in the common practice of 
oars, the labour is interrupted, it will be eaſy 
to make up for the time loſt hereby by pulling, 
when the ſtroke returns with ſo much the more 
vigour. 

Twill now be eaſy to determine the power re- 
quired to row a veſſel up a river, and what will 
be the velocity thereof with any power aſſigned 
for, if both the power and the time be given, there 
needs only to find, as already taught, the way it 
muſt make in a ſtanding water, and deduct from 
this the way or drift of the ſtream, the remainder 
will be the way the boat makes up the river in the 
given time; provided the motion of the boat 
conſidered as in a ſtanding water, be greater than 
Silat of the water; for if it be leſs, 'tis evident the 
boat will drive notwithſtanding the rowers, 

If the way be given which a veſſel is to be 
rowed in a given time up a river, whoſe motion 
or velocity is alſo given, thoſe two motions muſt 
be joined together; and it muſt be found by the 
preceding rules, what the power 1s that will ſuſ- 
rain them, acting on the ſurface of the boat pre- 


ſented to the motion of the water, which ſame 


power acting allo againſt the oars, muſt be rec- 
koned for in the motion of the arm or hand of 
1 : the 
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the rower, as was before done in gallies. For an in- 
ſtance, if a river runs 3 feet in a ſecond of time, 
and you would have the veſſel likewiſe aſcend 4 
feet in the ſame time againſt the ſtream, here will 
be a velocity given of 7 feet in a ſecond, which 
muſt be conſidered, in order to make the calculus 
as in ſtanding water. 
As to any machines that may be uſed to this 
end, we know in the general, that they are of no 
other advantage but to take the benefit of natural 
powers, as the motion of water and wind by 
uſing ſails, Sc. and that by their means we can 
ſave time by uſing a greater power, or improve 
a little power, ſo as to produce a great effect. 
But in the motion of boats and gallies, by means 
of - oars, it is eaſy to ſee, that no great motion 
can ever be produced by a weak power; for if 
the machine increaſe the effort, it will take up 
the more time, ſuppoſing the time and the way 
to be always in the ſame ratio. But the caſe is 
otherwiſe in animals, which pull or thruſt in 
walking or moving; for it is an hypotheſis of 
ſome mechanicks, whereby they would prove, 
that a man, who can lift 100 56. 10 feet high in a 
minute, might lift a weight of 1 456. 1000 feet 
high in the ſame time; tho? this be really impoſſi- 
ble, ſince a man can only whe certain ſpace in 
a given time, even without any additional weight 
at all. 
From the whole, we may learn what is to be 
expected from the generality of engineers, who can 
_ undertake to bring boats up any very rapid rivers, 

by the uſe of ſome machine, whole effects they are 
not always over well acquainted withal, imagining 
the force of their genius, without ſtudy, ſufficient 
to enable them to determine the effort neceſſary to 
Vorl. I. N. 22. E ſurmount 
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ſarmount their reſiſtance of fluid bodies, either in 
a ſtate of reſt, or moved by ſome machine, which 
is a mechaniſm of a higher kind, and a. more dif- 
ficult conſideration than that of ſolids, where the 
equilibrium is all that is _ to be con- 
dered. 4 | 
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An EXPLANATION * the Tzzms 
of. ART uſed i in this Volume. 


H AV NG ſet down the weights a . 
ſures among the terms of art, with the 


portion of them to thoſe uſed in England, I al 


take this opportunity of informing the reader, 
that all the weights and meaſures, which are 
mentioned in this tranſlation, are to be underſtood 


of thoſe uſed at Paris. I did not think it con- 


venient to reduce them, in the body of the work, 
to the Engliſb ſtandard ; becauſe it would have 
continual occaſioned the uſe of a great number 
of fractions, which would have made the reading 
troubleſome. Thoſe, who have curiofity enough 
to deſire an exactneſs in theſe particulars, may 
eaſily reduce them by the proportions here ſer 
down. In papers, where no very great exactneſs 
was required, I have tranſlated pinte a quart, and 
chopine a pint z but where exactneſs was required, 


I have preſerved the French words, pinte and 


chopine. 
A 

Adjutage, of a fountain, is a tube fitted to che 
mouth of the veſſel, through which the water 1s 
to be played, and determined to any figure. 

Aorta, the great artery, from which all the 
reſt riſe. 

Apex of the heart, the lower point which i 15 
turned a little toward the left ſide. 

Apophy/is, an eminence or protuberance. 

Arbor the principal part of a machine, which 
ſerves to ſuſtain the reſt; alſo a ſpindle or axis 
upon which a machine turns. 


Aſpera arteria, the wind pipe. 
L428 Au- 


* 
APA — —— Bos. > anypwem— 933 
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Auricles, the two appendages of the heart. 


Axillary veins and arteries are thoſe which pals — 
under the arm- pits. | 
B 


Baſis of the heart, the upper and broader point 
of it. 

Blade of an oar is; he broad thin part, with 
which they ſtrike the water. | 

Bronchia, the little tubes, into which the tra- 
chea ; is branched. | . 
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Carotids, two arteries, one on each ſide of the 
neck, which convey the blood from the aorta to 
the brain. batt ©: 
Cbopine, half a Paris pinie. yr 7 

 Chryſalis, called alſo aurelia and aympbe, i is 
that ſtate of an inſect between a worm and a fly, 
in which it hes incloſed in a uk, as if it was 
dead. | 

- Celiac artery, the firſt artery, Which is 8 
from the deſcending trunk of the aorta into the 
abdomen. The celiac vein is that which runs 
through the inteſtinum rectum. | 

Coronary. The coronary veſſels are the arteries 
and veins, which ſurround the heart, to nouriſh 
and ſupply it with blood. The coronary arte- 
ries carry the blood into the ſurface of the heart. 
The coronary vera returns the blood into the vend 
cava. LS 

Cranium the ſkull. . 

Culm, I have made uſe of this word, to ex- 
preſs the ſtalk of any ſort of corn or graſs: it is 
galled in Latin culmus. 

| D WS 

Dran, the 8th part of a Paris ounce, It con- 

tains 72 of their grains, or 59 grains £ troy. 
5 1 
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The dram is divided into 3 deniers; the denier 
into 24 Sin z the grain into 24. carats. 


* mot of a „ is he olaſs * at 
that end of the tube, 9 Is neareſt the RVs ; he” 


Foot, a en containing 12 > inches, c or 144 
lines. The Paris foot, or pied de roy, is longer 
than the Engliſb foot, which contains but 11 in- 


ches, 4 low 2. The KRbinuland, Rheniſh, or 


Leyden foot is to the Paris foot, as 1390 to 1440. 
The ancient geographical foot and the modern 
Roman foot, are to the Paris foot, as 11 to 12. 
The Bolonian foot is to the Paris foct, as 701 to 
600. 

Foramen ovale, an oval aperture, or paſhge 
through the heart of a Janne, which Cloſes up 
ſometime-after the birth. 

\ Fulcrum, the prop. « or Point of pe of 
lever. 
| (>: 


11 "Coats is that kind of tien . 
each bone mutually receives the other. There 
are three ſorts of it: 1. When the bones receive 
each other reciprocally, after the manner of a 
hinge, as at the elbow. 2. When one bone re- 
ceives another at one of its extremities, and is re- 
ceived into another at the other extremity, as the 
vertebræ do. 3. When one bone is received into 
another, after the manner of a wheel, or axle of a 


wheel in a box; as the ſecond vertebra of the neck 
in the firſt, 


"A 
Inch. the ovelfih part of a foot. It contains 
3% parts of an Engliſb foot, and therefore is 


3 | 'A 
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2 little more than 6 r che 
Engliſh inch. 


| Lamella, a little thin lamina, or late, ſuch as 


2 ſcale of a fiſh ;; it is often uſed 2 fubdivi- 
ſion of lamrna. 7 on 
Lamina, a thin plate. 
Line, the twelfth part of an inen. 
Lunulæ, krele erefcents, or Ralf moons. | 


M 
ben the jaws. 
Mediaftinum, - doable membrane, which *. 
vides the thorax and jungs into two parts. 
Msſenteric; the arteries are fo called, which 
ariſe from the aorta, and proceed to the meſen- 
tery ; and the veins, which proceed from the me- 
ſentery. 5 


Objet-glaſs of a lee is the olaſs hi at 
_ end of the tube, which is neareſt to the ob- 
Je 

Ounce, the ſixteenth part of a pound. It con- 
tains 576 Paris grains, or 476 grains troy. It 
is equal to 19 e e and 20 grains troy. 


p 

Pericardium, the membrane, which incloſes 
the heart. 

Peritonæum, a thin ſoft membrane, which co- 
vers and contains all the bowels in the lower belly. 

Pinte, the Paris pinte contains two of their 
pounds of water, that is, 15,232 grains troy, 
or 2 pounds, 2 ounces, and 13 grains aver- 
dupois; therefore the Paris pinte is larger 


than our quart, which js ſuppoſed to contain 2 


pounds averdupois of water. 


Piſton 


2 
1 
8 


Royan Acibiary of SraENMcRA. 453 
Piſton the ſucker of 2 pump, ſyringe, or ſuch 
like machine. 
Pivot, a foot of nk whereby a body intend- 
ed 10 dun round eee nee is 
fired. 1 Y e Te) 45 
Poiunali the Paris Pound . 70 of cheit 
ounces; or-924 6:grains. !''{tis:equal to 4 — 
17 penny weight and 8 grains w 46 00 


R 

Retina, the innermoſt coat of the eye, ſo cal- 
led becauſe it is woven like a net. 

Rundle, that part of a pulley, which is like a 
wheel. 

Sigmoidal valves, ſo called from their reſem- 
bling the Greek letter ma, which wasanciently 
written like our C. 

p 


7 Borax, the capacity: of the breaſt, or cheſt, 
containing the heart and, Iungs. 

Toiſe, a meaſure 8 6 Paris feet, or 
6 Engliſh feet, and 0 parts. Mr. Chambers 
tranſlates it fathom, which is a meaſure of 6 Eng- 
H Us feet. 

Trachea, the wind-pipe. 

V 

Venæ cave, the veins which; carry ths blood 
into the heart. 

Vena porta, the vein which carries the blood 
into the liver. 

Ventricles of the heart, the two great cavities 
of it; the tortoiſe is ſaid to have three. 

Vertebræ, the bones of the hinder part of the 
neck, and of the back, commonly called the 
ſpine or chine. 4 
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